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Abstract
This mixed-methods study explored the journey of two elementary STEM (Science,
Technology, Engineering and Math) magnet schools. Both schools are marketed as
using integrated, hands-on, problem solving approaches; science is the focus at one
school while the other uses engineering. A survey was used to collect data to analyze
the frequency of use of science and engineering practices between. No statistical
differences in frequency of use was found between the two STEM magnet schools.
Interviews revealed practices were used more often than reported on the survey. A
chi-squared test was completed to compare five years of data on state assessments.
Mathematics and science scores at the science-based STEM magnet school were
statistically higher than a traditional school in the same district. There was no
statistical difference between the engineering-based STEM magnet and its traditional
counterpart. Qualitative data gathered through interviews at both schools revealed
strong building leadership, ongoing and supportive professional development, and
integrated instruction were key pieces to implementing and using STEM-based
instruction that impacted student achievement and student engagement.
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Preface
This study was a result of working at a STEM magnet school for 15 years. I
was there when the program began and witnessed changes in teacher behavior and
student engagement. Professional development was intense, changes in pedagogy
followed, and student achievement scores increased. The transition and
implementation of STEM philosophies, including inquiry-based instruction,
significantly altered the instruction and learning in my classroom and in my school.
When our results showed positive impact, I wondered if this was true for other
STEM magnet schools. As I watched colleagues change instructional style and guide
our students to ask investigable questions, find data to support, and explain or justify
their conclusions, I wondered about practices used in our school and other STEM
magnet schools. How do STEM magnet school teachers and administrators explain
the journey to becoming an inclusive STEM school? What is the perceived
difference in a STEM magnet elementary school compared to a traditional elementary
school? Can those differences in practices and behaviors be examined and analyzed
to identify processes and procedures of inclusive STEM magnet schools?
I chose to focus on magnet schools because our district, and surrounding
districts, have used magnet schools to achieve racial integration and as an attempt to
close the achievement gap between our White students and our students of color.
Many magnet schools actively market and recruit students to attend based on the
program. Are parents getting what they expect when a school promotes itself as
STEM based?
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Chapter I: Introduction
Introduction to the Problem
The subjects of Science, Technology, Engineering and Mathematics (STEM)
have been identified as areas of high need by our nation’s leaders (National Science
and Technology Council [NSTC], 2013). Concern about the lack of students
graduating in STEM fields prompted the creation of a five-year strategic plan by the
NSTC Executive Office of the United States (2013). It was estimated between the
years of 2008 and 2018 that America would have 779,000 jobs requiring degrees in a
STEM field but only 550,000 people would earn STEM degrees during this time;
STEM occupations will grow 1.7 times faster than non-STEM occupations (NSTC,
2013). In May 2013, the five-year strategic plan by the Committee on STEM
Education was released and offered an implementation roadmap for STEM education.
It provided a path and increased opportunities in STEM to young Americans so the
success in science and innovation could continue for the United States (NSTC, 2013).
School systems were charged with preparing students for STEM fields as an
increasing number of jobs require knowledge and understanding of STEM subjects
(National Research Council [NRC], 2011).
In December 2018, an update to the 2013 strategic plan was released entitled
Charting a Course for Success: America’s Strategy for STEM Education (NSTC,
2018). This report acknowledged that modest improvements in basic STEM skills
have occurred but students continue to have lower scores in mathematics and average,
or slightly above, scores in science when compared to students internationally. The
vision in this plan included a future where “all Americans will have lifelong access to
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high-quality STEM education and the United States will be the global leader in
STEM literacy, innovation, and employment” (NSTC, 2018, p. v). The demand for
STEM skilled employees continues in the United States, yet the United States
provides only 10% of the global workforce in STEM; India and China combined fill
close to 50% of STEM global positions (NSCT, 2018).
Industries in the United States report job applicants are not trained with
appropriate knowledge and skills to complete necessary jobs (NSTC, 2013).
Employment in STEM fields continues to grow at a faster rate than other areas
(NSTC, 2018). With only 34% of eighth graders in the United States demonstrating
mathematical proficiency as measured by the National Assessment of Educational
Progress (NAEP), there is reason for the growing concern (NAEP, 2017). There has
been a four-point increase on the NAEP science scores for eighth graders between
2009 and 2015, although no increase was noted for twelfth graders.
While 34% of the eighth graders were considered proficient in science, only
22% of the twelfth graders were proficient in science (NAEP, 2017). The Trends in
International Mathematics and Science Study (TIMSS) is given every four years to
students in grades four, eight and twelve. When comparing the average mathematics
scores of fourth graders between 2011 and 2015, there was no measurable difference
found between the scores; the same was true for fourth grade science scores. Average
eighth grade scores on the TIMSS did show an increase in math but no difference in
science (National Center for Education Statistics, 2016). With the expectation of 133
million new jobs globally related to STEM skills, preparing students is a necessity.
Those jobs will require people who can think across disciplines, problem solve,
17

analyze data, and continue to learn (McKendrick, 2018).
There continues to be an achievement gap between White students and
students of color in the United States as well as gaps based on socio-economic status
or gender in STEM fields and other academic areas (Chin, 2018; Jones, 2018). With
the current student population having 40% students of color in K-12 school settings,
there is an underrepresentation in the STEM fields (NSTC, 2013). Only 9% people of
color filled the STEM workforce in 2006 (Bybee, 2013). In 2016, the Department for
Professional Employees (DPE) found Black or African American professionals in 8%
of computer or mathematical occupations and 6% in the fields of life, physical or
social sciences; Hispanics represented 7% in both areas. Compared to Black or
Hispanic, Asian professionals were found to have the highest rate of STEM
employment at 20% in the computer and mathematical fields (DPE, 2016). Pew
Research Center (2018) reported 29% of STEM jobs are filled by people identified as
Black, Hispanic, and Asian, noting that Blacks are most often found in health related
STEM positions (Graf, Fry, & Reardon, 2018). Despite this increase from 2006,
Blacks and Hispanics continue to be underrepresented in STEM fields when
compared to White and Asian counterparts (Graf, Fry, & Reardon, 2018). Schools
must raise student interest and achievement scores in STEM subjects and close the
achievement gap between groups to support the future needs of our country’s
economy, industry, and innovation.
While increasing skills in the area of STEM has been identified as a need for
students and schools, a clear path to achieve those skills does not exist. With the
creation of Next Generation Science Standards [NGSS] (NRC, 2013) and Common
18

Core State Standards for Mathematics (CCSSM, 2010), there has been a call for
creating deeper connections across STEM subjects (NRC, 2011). The integration of
STEM into other subjects is an area where more research is needed as schools work
develop STEM literate students (Margot & Kettler, 2019). Defining STEM
integration is difficult due to the different levels of connectedness and activities that
are involved in school settings. With the importance and emphasis on STEM
education, there is a need to discover what processes STEM schools followed to
integrate and implement STEM education.
Background of the Study
In this study, science and engineering were the primary subjects investigated
as the means of accomplishing integrated instruction to meet state standards in
science, technology, engineering, and mathematics. The study was completed in
Minnesota and used the state’s 2010 science standards. Those science standards
included teaching the practices used by engineers and scientists and required schools
to change science content and instruction to meet the standards. Minnesota recently
adopted new science standards and those will be fully implemented by the 2023-24
school year. Minnesota Department of Education (MDE) described integrated STEM
education as intentionally linking the Minnesota K-12 Academic Standards in
Science, the Minnesota K-12 Academic Standards in Mathematics, and the literacy in
science and technical subjects included in the Minnesota K-12 Academic Standards in
English Language Arts (MDE, n.d.). Using the content area of science to integrate
mathematics, technology, and engineering can create deeper learning experiences and
show the connectedness between the disciplines (Vasquez, Sneider, & Comer, 2013).
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The Next Generation Science Standards (NRC, 2013) included engineering design,
mathematics, and computational thinking in its description of science and engineering
practices and made connections to the English Language Arts Common Core
Standards (Bybee, 2018). This research used the subjects of science and engineering
to measure what is happening in STEM-focused schools to increase student learning.
Prior to the 2013 government released strategic plan, scientific literacy was a
national goal (NRC, 1996). In 1985, the American Association for the Advancement
of Science (AAAS) introduced Project 2061. This project was named because
students starting school in 1985 had the opportunity to witness Halley’s comet and
could possibly witness it again in 2061. AAAS questioned the changes in science and
technology those children would see between 1985 and 2061 and began to identify
what skills were necessary to help students become scientifically literate in the 75
years that spanned the dates of the Halley’s comet appearances. This early work by
AAAS was published in a book entitled Science for All Americans (1989).
Identification of these science literacy skills shaped the way for future science
standards (AAAS, 1989).
In 1996, the National Science of Education Standards (NSES) were released.
These standards used the term inquiry as a descriptor of good science education
(Anderson, 2002). The NSES defined scientific inquiry as the ways scientists work to
study the natural world and generate possible explanations from evidence as well as
the activities of students that allow the students to “develop knowledge and
understanding of scientific ideas, as well as an understanding of how scientists study
the natural world” (NRC, 1996, p. 23). This definition offered no concrete definition
20

of what inquiry teaching was or how classroom teachers could implement it. The
term was ambiguous and interpreted differently among researchers (Anderson, 2002).
Rather than focus on only the skill of scientific inquiry and its different
interpretations, inquiry is now incorporated into scientific practices used in science
education (Michaels, Shouse, & Schweingruber, 2008).
Next Generation Science Standards, or NGSS (2013) were developed based
on National Research Council’s (NRC) book, A Framework for K-12 Science
Education (NRC, 2012). Often referred to only as The Framework, it is the National
Research Council’s current attempt to help all students have meaningful learning and
experiences in science (NRC, 2012). The broad goal of The Framework was to have
all students know, appreciate, and apply science and engineering practices and
processes and use those skills in future careers and daily life activities (NRC, 2012).
The committee responsible for The Framework recommended that science
education be based on three major dimensions: 1) scientific and engineering practices,
2) crosscutting concepts applied across all fields, and 3) core ideas of the four
discipline areas of physical science, life science, earth and space science, and
engineering, technology and application of science (NRC, 2012, p. 2). Inquiry may
be used to accomplish those dimensions, and The Framework builds on a child’s
natural curiosity to learn, explore, and investigate to discover and explain phenomena.
The term practices describe what scientists and engineers do as they pose questions,
investigate problems, and seek possible solutions. The Framework better articulated
what is meant by inquiry in science as students engage in the practices described
(NRC, 2012). These practices are integrated into the content and context of what
21

students learn and share, rather than in isolated steps of the scientific method or the
facts of science without real application (NRC, 2012).
Science and mathematics have long been taught in schools, but STEM
education is interpreted differently (Hansen, 2014). Four principles create the
foundation for STEM teaching and learning. STEM programs should 1) integrate
technology, 2) reach across curriculum and be interdisciplinary, 3) relate to realworld problems and 4) be based on project or inquiry-based learning (Han, Capraro,
& Capraro, 2015; Hansen & Gonzalez, 2014). In addition to what STEM programs
should include, STEM instruction requires an integration of the science and
engineering practices that allow students to investigate problems, engineer solutions,
and use data as evidence (Moulding, Bybee, & Paulson, 2015). The Framework
emphasized that science and engineering content and practices be intertwined into
science learning for all K-12 students, allowing time for students to investigate and
use the practices to deepen their understanding of core ideas (NRC, 2012).
Supporters of STEM education advocate for an interdisciplinary approach, which
connects more than one academic subject, allowing students to see the
interconnectedness of the practices into other subjects (Hanover Research, 2012).
Identifying a successful STEM school program is difficult to do because of
the many STEM disciplines and the complexity of differing populations and
enrollment procedures into STEM programs (NRC, 2011). With legislation regarding
STEM education and the demand for skilled STEM workers, determining the effect
of intentional STEM programming is necessary for educational reform; the emphasis
on STEM remains a priority in education (NSTC, 2013).
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STEM schools and programs are often described as using hands-on, projectbased, and collaborative approaches. These approaches include the STEM principles
of integrating technology, reaching across curriculum content areas, relating to realworld problems and being based on project or inquiry-based learning (Han, Capraro,
& Capraro, 2015; Hansen & Gonzalez, 2014). Higher student engagement has been
found in studies that have supported those strategies (Firmender, Gavin, & McCoach,
2014; Hansen & Gonzalez, 2014; Marshall & Alston, 2014). Meaningful learning
occurs more frequently when students are engaged in the lesson (Marzano, 2007). If
hands-on and integrated learning increases student engagement, one might conclude
schools that incorporate STEM principles, including the three dimensions, scientific
and engineering practices, crosscutting concepts applied across all fields, and core
ideas from the four discipline areas, as identified by The Framework (NRC, 2012),
will have students be more engaged and successful in science. STEM education is
not a packaged curriculum but a collection of strategies that students apply to solve
problems (Vasquez, Sneider, & Comer, 2013). The strategies include scientific and
engineering practices applied to other curriculum areas and not taught as stand-alone
skills. STEM education is a high area of interest for educational reform and
improvement as schools work to prepare students for STEM fields in the future
(NRC, 2012).
Implementing STEM requires an integration of subjects in an interdisciplinary
approach (Moore & Smith, 2014). This integration approach may be a challenge for
schools to adopt for several reasons. In the current era of high stakes testing in the
education system, the focus is on mathematics and reading; teachers are reluctant to
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give up designated time for those disciplines as test scores are used to determine
teacher effectiveness and school performance (Blackley & Howell, 2014; Moore &
Smith, 2014). In states where science scores are used as an accountability measure,
science test scores improved, reflecting increased content knowledge, but not
necessarily the practices of engineering and science (Judson, 2013).
Another challenge in adopting a STEM integration model is teacher
behaviors. This intentional change in teacher practice requires teachers to engage
students in the process of using science as a way to obtain information (Moulding,
Bybee & Paulson, 2015). The increased emphasis on STEM and the
interconnectedness of STEM subjects and practices is notable, but changing what
happens in the classroom takes time (Roseman & Koppal, 2015). Teachers can learn
new programs and strategies but need effective professional development to enact the
new learning rather than returning to the prior approach (Kennedy, 2016).
Professional development, time to collaborate, and permission to vary from
traditional instructional methods are needed for teachers to use integrated STEM
strategies into their classrooms (Slavit, Nelson & Lesseig, 2016). Teacher and
professional development programs focused on science practices and content do
result in higher achievement for students (Diamond, 2014). To make effective
change, intentional reform efforts must be made to current school programs and
teacher professional development.
Magnet schools have also been considered an educational reform idea.
Introduced in the 1960s to provide options and school choice to parents, a magnet
school is usually developed around a theme or focus (Waldrip, 2013). Magnet
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Schools of America promote and support magnet schools as a way to increase school
diversity and build community through student enrollment from different
neighborhood areas united around a common school focus (Magnet Schools of
America, 2013). Magnet schools with a STEM focus, by virtue of their name or
mission statement, imply STEM principles are central to their instruction.
Social media, word of mouth, and school tours are influential factors when
parents are choosing a school (Goldring & Rowley, 2008). Parents who choose
schools based on the school’s explanation of their academic programming are more
satisfied with their choice than parents who choose based on convenience or location
(Hausman & Goldring, 2000). It may be a logical conclusion for parents to expect
instruction at a magnet school to be different than a traditional school, especially
when the school is marketed to families as having a specialized theme or focus.
Statement of the Problem
Most research measuring the impact of STEM education has disproportionally
focused on high school STEM programs and student performance (Hansen &
Gonzalez, 2014). The National Science Foundation (NSF) tracks and publishes the
number of students entering college who are pursuing degrees in STEM fields as one
way to measure success of STEM education programs and initiatives (NSF, 2018).
The latest report indicated 32% of college bound students plan to pursue a science or
engineering degree (NSF, 2018). With growing national concern that the United
States is not adequately preparing students for STEM career fields, a researched
approach to instruction and student outcomes is needed (Hernandez, Bodin, Elliot,
Ibrahim, Rambo-Hernandez, Chen & Miranda, 2014).
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Integrated or interdisciplinary STEM concepts were identified in the recent
Next Generation Science Standards (NGSS, 2013). NGSS were developed in
response to the description and needs outlined in a report by the National Research
Council (2012). This report, A Framework for K-12 Science Education, (NRC, 2012)
established a vision for science education for all students. Although The Framework
provides a summary of what students should know by the end of grade 12 (NRC,
2012) and NGSS (2013) provide grade bands based on that hypothetical progression,
neither provide specific grade level standards but instead identify areas all students
should experience and understand by high school graduation (NRC, 2013).
The Framework groups these experiences into three dimensions of learning.
The three dimensions, Science and Engineering Practices, Crosscutting Concepts, and
Core Ideas, outline the knowledge and practices students should have by the end of
high school (NRC 2012). These three dimensions should be intertwined through
identified standards, instruction, and assessments.
The dimension of Science and Engineering Practices uses children’s natural
curiosity about how the world works (NRC, 2012). Asking questions, defining
problems, and seeking answers or solutions through models or investigations are part
of these practices. Crosscutting Concepts are the ideas that transcend subject areas
and connect different domains. Some examples of Crosscutting Concepts would be
observing patterns, identifying cause and effect, and understanding scale, proportion
and quantity (NRC, 2012). The Core Ideas: Physical Sciences, Life Sciences, Earth
and Space Sciences, and Engineering, Technology and Applications of Science,
require content knowledge along with knowing the why and how of the sciences,
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using the understanding to argue or defend their thoughts or conclusions. The three
dimensions in The Framework help explain the importance of knowledge and practice
in science learning that all students should experience (NRC, 2012).
The Framework addresses the core ideas or content of science through the
grade level bands it provides (NRC 2012). For Dimension 1, Scientific and
Engineering Practices, The Framework identifies goals for students to reach by the
end of Grade 12. Progression of those skills is not assigned to individual grades
throughout the K-12 experience, instead a description of what the progression looks
like in each of the practices is offered (NRC, 2012). For Dimension 2, Crosscutting
Concepts, The Framework identifies each of the concepts and provides a narrative of
what the progression looks like in the elementary, middle and high school years
(NRC, 2012). Dimension 3, Disciplinary Core Ideas, does list grade band endpoints
for Grades two, five, eight, and 12 for each of the science areas identified (NRC,
2012). In addition, The Framework offered guidance for setting standards and listed
13 recommendations.
1. Set rigorous goals
2. Be accurate, clear and concise
3. Be limited in number
4. Emphasize all three dimensions
5. Include performance expectations
6. Include boundary statements
7. Be sequential to support learning over multiple grades
8. Progressions in standards based on research
27

9. Develop grade band standards to meet diverse needs of all learners
10. Have coherent progression between grades
11. Be explicit in stating needs to achieve standards
12. Align science and engineering standards with Common Core
13. Allow multiple ways to complete performance expectations (NRC, 2012,
pp. 297-308).
These recommendations and the grade level endpoints were used to develop NGSS
and provided a blueprint for states to follow.
NGSS use the recommended grade level bands from The Framework but
further expands each to include performance expectations for every K-12 grade.
Some performance expectations integrate the content with engineering through a
science practice or a core idea (NRC, 2013). NGSS also make connections to
Common Core State Standards (CCSS) in the areas of English Language Arts (ELA)
and Mathematics (NRC, 2013). These performance expectations and connections to
CCSS could offer a pathway to content integration for STEM education. While
NGSS is not a synonym for STEM education, the NGSS do provide pathways for
STEM education and integration (Bybee, 2018).
The Framework dimensions and NGSS have some similarities to the earlier
stated STEM program principles of integrating technology, reaching across
curriculum to be interdisciplinary, relating to real-world problems and being based on
project or inquiry-based learning (Han, Capraro, & Capraro, 2015; Hansen &
Gonzalez, 2014). STEM education should be interdisciplinary (NSTC, 2018). Just as
crosscutting concepts transcend many subject areas, STEM skills and content are
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applied in several subject domains (Moore & Smith, 2014). STEM requires students
to work collaboratively to ask questions and find answers (Glancy & Moore, 2013).
These skills are similar to the practices as explained in The Framework. STEM is a
way of organizing and delivering instruction in an integrated approach, helping
students develop connections between the disciplines to deepen their conceptual
understanding of the content or idea (Glancy & Moore, 2013). Application of that
connection is key to learning (Vasquez et al., 2013). The application of science and
engineering practices offers students real life opportunities to use content knowledge
and skills to solve problems in authentic, real-world ways (NRC, 2011).
Teaching in a STEM program requires a change in instructional strategies by
staff (Moore & Smith, 2014). Teachers in newly created STEM schools identified
important teacher characteristics as flexible, open for change, and collaborative (El
Nagdi, Leammukda, & Roehrig, 2018). Defining STEM instructional practices and
what they look like, along with data related to teacher practices and NGSS, is limited
(Hayes, Lee, DeStefano, O’Connor, & Seitz, 2016). With schools proclaiming to be
STEM based, the difficulty in defining STEM education and the confusion around the
term inquiry (Anderson, 2002), it is difficult to determine which schools use STEM in
the name as a promotional or marketing tool and which schools truly teach using
STEM-based principles and practices supported by NGSS.
Some schools may market themselves as a specialty or magnet school with an
emphasis on a specific program or theme (Institute of Metropolitan Opportunity,
2013). Magnet schools were first created in the 1960s to offer choice to parents and to
address racial segregation (Waldrip, 2013). In Minnesota, a consortium of seven
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school districts came together to offer magnet school options for residents. This
Magnet School Consortium (MSC, pseudonym) was established to address racially
isolated schools in two neighboring districts and continues to be funded by
achievement and integration monies. MSC oversees the application and lottery
process for entrance into its magnet schools. MSC STEM magnet schools are offered
at different school levels in five of the seven member districts. The STEM magnet
schools in MSC claim to offer a STEM education that provides students with the
knowledge to understand how STEM impacts every aspect of the world (MSC, n.d.).
The achievement gap in the United States is one of concern (Bohrnstedt,
Kitmitto, Ogut, Sherman & Chan, 2015). In Minnesota, where MSC is located, a
specific state statute was written to address the gap between students of color and
White students. This statute, Achievement and Integration for Minnesota, addresses
the need for racial and economic balance in the schools. The purpose of this
legislation is to reduce academic disparities based on race, economics, and ethnic
backgrounds in the public-school system. Schools that receive Achievement and
Integration money must submit a plan to the Minnesota Department of Education
(MDE) as well as annual reports sharing progress districts have made (MDE, 2018a).
Schools in this study are located within districts receiving Achievement and
Integration money (MDE, 2018a) and belong to MSC. The consortium’s goal is to
bring racial and economic balance to area districts. One way to accomplish this
balance was through the development of magnet schools. Students apply and move
across the seven districts to attend schools of choice and help create racial balance
within each district.
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Purpose of the Study
The purpose of this study was to document changes and processes of
professional development, curriculum, instruction, and roles of leadership of two
elementary STEM magnet schools as they transitioned from a traditional elementary
school model to implementing and maintaining a STEM magnet model.
Two elementary STEM magnet schools in MSC were chosen that have made
this transition; both have been magnet schools for more than 10 years. In 2010, new
science standards were adopted in Minnesota and these schools, like others, had to
adjust curriculum, instruction, and assessments to meet the new state standards. The
schools are promoted by the consortium as STEM based, have diverse student
populations, and fill one-third or more of their open seats through application and
lottery. One has won multiple awards from Magnet Schools of America for its
magnet school program. Both STEM magnet schools promote science and
engineering practices as the means to integrated instruction. Science and engineering
were the predominant subjects researched in this study of STEM-based elementary
programming.
Research Question One
This mixed methods research study was based on five research questions:
RQ 1: What instructional practices are used by teachers in STEM magnet schools?
How do teachers describe their practices?
RQ1a: Is there a significant difference between Discover Elementary and Wonder
Elementary in the frequency or use of the science and engineering practices at each
school?
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Hypotheses: Research Question One
H1A0: There is no significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1AA: There is a significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1B0: There is no significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
H1BA: There is a significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
Research Question Two
RQ 2: How are students from a STEM magnet school performing in mathematics,
science, and reading on state assessments compared to a traditional school of similar
demographics (race and socio-economic status) within the same school district?
Hypotheses: Research Question Two
H2MA0: There is no significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
H2MAa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
H2MB0: There is no significant difference between the MCA mathematics
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scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
H2MBa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
H2MC0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MCa: There is a significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MD0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
H2MDa: There is a significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
H2SA0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SAa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SB0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SBa: There is a significant difference between the MCA science scores of
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fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SC0: There is no significant difference between the MCA science scores
for fifth graders at Wonder Elementary and Andrews Elementary.
H2SCa: There is a significant difference between the MCA science scores for
fifth graders at Wonder Elementary and Andrews Elementary.
H2SD0: There is no significant difference between the MCA science scores of
fifth graders at Wonder and Andrews when examined by race or FRPL categories.
H2SDa: There is a significant difference between the MCA science scores
fifth graders at Wonder and Andrews when examined by race or FRPL categories.
H2RA0: There is no significant difference between the MCA reading scores
of fifth graders at Discover Elementary and Edison Elementary.
H2RAa: There is a significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary.
H2RB0: There is no significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2RBa: There is a significant difference between the MCA reading scores of fifth
graders at Discover Elementary and Edison Elementary when examined by race or
FRPL categories.
H2RC0: There is no significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary.
H2RCa: There is a significant difference between the MCA reading scores of fifth
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graders at Wonder Elementary and Andrews Elementary.
H2RD0: There is no significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by race
or FRPL categories.
H2RDa: There is a significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by race
or FRPL categories.
Research Questions Three, Four, and Five
RQ 3: To what extent was district and building leadership involved in the transition
to and implementation of STEM practices in the magnet school?
RQ 4: What changes in professional development have occurred in elementary
schools that have transitioned to elementary STEM magnet schools?
RQ 5: How has student engagement changed since the implementation of STEM
practices?
Significance of this study to the field of education
During the years of 2000–2010, the growth in STEM jobs was three times
greater than non-STEM jobs (NSTC, 2013). There are great concerns about the
ability to meet the growing demand for STEM fields, with employers reporting that
job applicants lack the necessary mathematical, computer and problem solving skills
to succeed (NRC, 2011). Opportunities for students to participate in STEM education
are essential if the United States is to continue to be successful with innovation and
science (NSTC, 2013). Equipping all students with basic scientific, technological,
engineering and mathematical skills is fundamental to building a future workforce
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that will address the needs and demands of the environment, the economy, and lead to
continued transformations in society (Bybee, 2018). With this growing demand for
STEM education, learning from schools that have transitioned to implementation of
STEM practices is necessary. Hearing from teachers and administrators in these
STEM schools and discovering how STEM practices are learned, used, implemented,
and the impact on achievement will provide examples to schools interested in
becoming STEM based.
With the emphasis on STEM education by government leaders and the NGSS,
more information is needed to determine how successful STEM schools have
transitioned and implemented STEM principles and practices. This study will
examine suburban magnet schools that promote themselves as STEM based.
While previous studies suggested inquiry-based learning does increase
achievement at each level of education (Geier, Blumenfeld, Marx, Krajcik, Fishman,
Soloway, & Clay-Chambers, 2008; Han, Capraro, & Capraro, 2015; Hansen &
Gonzalez, 2014), there is confusion on what inquiry means in schools (Anderson,
2002). Due to the confusion, NGSS uses the term “practices” to better define the
cognitive, social, and physical skills required in science instruction and learning.
Those practices do include inquiry. An inquiry-based approach to science teaching
requires students to “engage in the practices, not merely learn about them
secondhand” (NRC, 2012, p. 30). Effective STEM schools have made intentional and
overt efforts to use practices, including inquiry, and develop units of study that
encompass one or more of the STEM disciplines (Glancy & Moore, 2013).
Additionally, the engineering design process is being used as students solve problems
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through purposeful design while integrating math and science learning into the
solution (Roehrig, Moore, Wang & Park, 2012). As states move to adopt and
implement NGSS, stories from successful schools must be told. STEM integration
requires a change of teacher behavior as subjects become interdisciplinary and the
three dimensions of practices, crosscutting concepts and disciplinary core ideas
replace teaching subjects in isolation and rote memorization of scientific facts.
Minnesota was a leader in establishing magnet schools (Waldrip, 2013).
Magnet schools offer open enrollment across boundary lines and use specific themes
to attract students from a range of economic and racial backgrounds (Blazer, 2012).
There are mixed findings on achievement gains at magnet schools. Some studies
have found a positive impact, others have shown no statistically significant gains in
achievement and a few have found a negative relationship between magnet schools
and achievement (Institute on Metropolitan Opportunity, 2013). Confounding the
mixed reviews is the enrollment process into magnet schools. Some use a lottery
system with no academic requirements; others require a certain grade point average
(GPA), a commitment of parental volunteer hours, and adherence to school rules
(Ballou, Goldring, & Liu, 2006).
MSC is a coalition of school districts in a suburban area of Minnesota. MSC
was created to address the issue of segregation in area school districts. The result of
this collaborative effort has grown to include seven school districts with a combined
offering of 25 magnet schools with differing foci. While each individual district
leads, manages, and staffs its own magnet school, MSC guides the development
process, handles the applications and conducts the lottery process. STEM magnet
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schools in MSC are now offered at five different elementary buildings, three different
middle school buildings and three high school buildings (MSC, 2017).
Several of these STEM magnet schools have been recognized for strong
magnet school programs, achievement growth and innovative teaching. While
created to help achieve racial balance, the schools have also adopted and
implemented STEM principles to meet the needs of the students. Two of the
elementary STEM magnet schools have been using inquiry and STEM principles for
more than 10 years; one school became a STEM magnet in 2004 and the other in
2007. There is little research on how to transition or become an elementary STEM
school as most STEM models focus on high school programming (Chiu, Price, &
Ovrahim, 2015). With the early years of a child’s life positively impacting student
perceptions and understanding of STEM content (DeJarnette, 2012), it is necessary to
explore how successful elementary STEM schools made the transition. In a
qualitative study of adult scientists, 65% reported they became engaged and interested
in science prior to middle school. They became engaged in the task because they
were interested and exposed to the question or area at an early age and were often
driven by personal passion and interest in the problem (Maltese, 2010). If
“elementary teachers are the gatekeepers to fostering the gifts and talents of future
STEM innovators” (Cotabish et al., 2013, p. 216), it is vital that other schools look to
elementary STEM programs that have been identified as examples to guide the path
to change.
The two magnet schools in this study were considered successful because of
the longevity of their program, teaching practices, and Minnesota Comprehensive
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Assessment (MCA) scores compared to state or district averages. The MCA is a
statewide, standardized assessment given to students in all public schools to reflect
progress on grade level state standards. MCA testing begins in third grade and
continues through eighth grade in the areas of reading and mathematics. In Grade 10
students take only the Reading MCA and in Grade 11 only the Mathematics MCA is
completed. In Grades five and eight and once in high school the MCA science test is
administered in addition to the reading and mathematics testing. MCA scores are
used to determine how well schools are instructing students in the areas of
mathematics, reading, and science (MDE, 2016). These reading and mathematics
scores are also used as measures of accountability for state and federal requirements.
Student scores on the MCA are sorted into four categories: Exceeds
Standards, Meets Standards, Partially Meets Standards, and Does Not Meet
Standards. Students are considered proficient if their scores are in the Exceeds or
Meets category (MDE, 2016). Scores can be compared from year to year, assuming
new standards were not adopted. If new standards were adopted, a new set of norms
would exist for the tested area (MDE, 2016). In grades three through eight,
mathematics MCA scores from 2011–2016 can be compared, reading scores from
2013–2016 and science scores from 2012–2016 can be used to track achievement
growth of students. Scores are reported numerically with a range of 1–99. Preceding
the score is a number identifying grade level. For example, third grade scores range
from 301 to 399 and seventh grade scores would range from 701 to 799. All grades
use Grade50 as the cut score between Meets and Partially Meets and Grade40
between Does Not Meet and Partially Meets. Cut scores between Meets and Exceeds
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may vary between grade levels (MDE, 2016). MCA scores for mathematics, science,
and reading were considered in the selection of the schools for study.
MCA mathematics content in grades three through eight represents four
mathematical strands: Number and Operation, Algebra, Geometry and Measurement,
and Data Analysis (Probability is included in grades 6 – 8). Science is tested only in
grade five of the elementary years and includes the strands of Nature of Science and
Engineering, Physical Science, Earth and Space Science, and Life Science. MCA
reading content is tested in grades three through eight and has two strands: Literature
and Informational Text. With the selected schools being identified and promoted as
STEM magnet schools, correlating mathematics, science, and reading scores to
instructional approaches or practices provides insight and information regarding the
impact on academic achievement scores.
This study gathered information from teachers and administrators and traced
the path of becoming a STEM magnet school. While each school may have chosen a
different route, both have integrated STEM into learning and projects. Although this
study focused on STEM magnet schools, results may be of interest to other
elementary schools interested in transitioning to and implementing STEM practices.
Rationale
A clear vision of what STEM means and how to implement a STEM
education program is needed in schools (Brown, Brown, Reardon, & Merrill, 2011).
Telling the story of schools that have successfully transitioned to and implemented
STEM programming and practices offers ideas of successes and failures as each
found their path to providing STEM education for all students in each of the schools
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studied. Comparing the journey of two schools revealed similarities and differences
in the transition process, current approaches to STEM curriculum, professional
development opportunities, and impact on students.
While some research exists on STEM education at the elementary school
level, there is less research on elementary STEM magnet schools. With the purpose
of magnet schools to offer choice to parents and bolster enrollment into the publicschool system (Blazer, 2012), there was a need to see how the transition to a STEM
focused magnet school impacted practices and student engagement.
Both schools have more than 40% students of color. Using STEM
instructional practices such as inquiry, problem-based learning (PBL), or integrated
instruction, have been shown to increase student achievement (Geier, Blumenfeld,
Marx, Krajcik, Fishman, Soloway, & Clay-Chambers, 2008; Han, Capraro, &
Capraro, 2015; Hansen & Gonzalez, 2014). Teachers’ perceptions regarding
instructional practices related to student learning and engagement provided narratives
to explain if any changes, positive or negative, have been observed.
Definitions of Terms
STEM: Science, Technology, Engineering and Mathematics.
Magnet School: Public schools with a focus on themed curricula, the largest form of
public school choice, designed to attract students from diverse social, economic,
ethnic, and racial backgrounds. Some magnet schools require students to take an
exam or demonstrate knowledge or skill in the specialty to qualify to go to the school,
while others open to all students (MSA, 2013; United States Department of
Education, 2009). For this research both magnet schools have no required entrance.
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Traditional School: Classes are structured as single subject, teacher-led courses of
district purchased curriculum, typically a neighborhood school; attendance is by
boundaries set by the school district.
Curriculum Coordinator or Curriculum Integration Coordinator: Person hired by a
magnet or theme-based school to ensure standards are being met, to help with
integration of curriculum and planning, and professional development
Integrated Instruction: Requires teachers to plan and teach from multiple disciplines
around a real-world theme (Yager & Brunkhorst, 2014). A minimum of two subjects
is combined, allowing students to see the connectedness and relationship between
what is being learned (Department of Education, n.d.; Vasquez, Sneider, & Comer,
2013). Students understand the relationship between subjects and real-world
application (Myers & Berkowicz, 2015).
Multidisciplinary Instruction: A type of integrated instruction, subjects remain
separate but are connected by the application of a skill from one subject area being
applied in another (Vasquez, Sneider, & Comer, 2013).
Interdisciplinary Instruction: A type of integrated instruction, common learning from
two or more disciplines is embedded and harder to identify as separate subject areas
(Vasquez, Sneider, & Comer, 2013).
Transdisciplinary Instruction: A type of integrated instruction, where a course or
program is developed that encompasses all content area subjects. When used in
STEM settings, it requires all STEM disciplines be applied to address a current realworld challenge (Bybee, 2013). The use of an essential question drives the focus of
the instruction and embeds all STEM areas and is built on previous knowledge
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(Vasquez, Sneider, & Comer, 2013).
Assumptions and Limitations
For this study, STEM integration was defined as the integration of two or
more subject areas that interrelate in real-world settings and intentionally address
standards (Department of Education, n.d.; Vasquez, Sneider, & Comer, 2013). This
study examined two STEM magnet schools in Minnesota that have implemented
STEM practices and programs for a minimum of ten years. Generalizing results from
these two STEM magnet schools should be met with caution. Magnet schools in the
consortium were chosen that met the criteria of having more than 40% students of
color and more than 25% receiving Free or Reduced-Price Lunch (FRPL).
The magnet programs within this consortium were started to address racial
segregation within the suburban area of the state’s largest cities. This de facto
segregation occurred due to housing patterns within the member school districts.
While de facto segregation is not intentional or illegal, it may result in inequity
between schools (Essex, 2016). To address segregation concerns, area school
districts were tasked with creating a plan for schools to better represent district
demographics and increase achievement of students.
The Minnesota Department of Education (MDE) manages an Achievement
and Integration Program designed to address racial integration and close the
achievement gap. Districts apply to be part of the program; financial support is
offered to those who participate (MDE, 2018a). Currently 134 districts in the state
are part of this program. This program was started in response to Minnesota State
Statute 124D.861, which calls for development of academic programs to provide
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equitable educational opportunities for students (State of Minnesota, 2016). Both
districts in which the identified magnet schools reside have Achievement and
Integration plans on file with Minnesota Department of Education and receive money
for their magnet schools and other desegregation programs within each district. This
additional money, received to close the racial achievement gap, may be an
unmeasured variable in each school’s success.
Both STEM magnet schools are public schools and neither have entrance
criteria as part of the application process; they do not require test scores or criteria to
enroll. One school is 100% application-only and the other school fills 37% percent of
its seats through applications. A lottery-based system is used to fill available seats.
This lottery is managed through MSC. One of the selected magnet schools did
receive a large grant from Magnet Schools of America for initial programming, the
other did not. Both STEM schools are in large districts. These districts are adjacent
and allow open enrollments through an application process into magnet and nonmagnet schools between the two systems. Magnet schools with a specific focus may
attract certain types of learners (Judson, 2014). Positive academic results could be
attributed to higher student or family interest in STEM subjects and not a result of
change in instructional practices. The act of applying for and enrolling into a magnet
school is an unmeasured variable in this study.
This study reflected teachers and building leaders’ opinions of their school’s
journey to becoming a STEM-based magnet school. Within each school, there were
differing opinions of what integrated instruction means or looks like in each
individual classroom.
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Nature of the Study
This study used a mixed-methods approach to contribute more information to
existing research on STEM education in the elementary school setting. Schools
selected met specified criteria. A valid survey tool (Hayes et al., 2016) was first used
to collect information regarding classroom practices. Information from the survey
revealed and quantified instructional practices in each building. Survey results were
used to shape interview questions. The qualitative portion of this study included an
interpretation of information gathered from interviews and artifacts from each site.
Public data from the Minnesota Department of Education’s website was used to
analyze five years of fifth grade scores on the Minnesota Comprehensive Assessment
(MCA). Mathematics and Science MCA scores were reviewed, analyzed, and
compared to the state and district average and comparable schools within each
district. This study provided examples of processes followed as schools transitioned,
implemented and sustained a STEM based magnet schools as well and impact on
state assessments.
Organization of the Remainder of the Study
Chapter Two reviewed literature related to STEM education, including a brief
overview of STEM subjects, legislation, the process of establishing current STEM
practices, NGSS, and trends in schools regarding inquiry, problem-based learning,
professional development, and instruction with elementary students.
While Minnesota did not adopt NGSS as their state science standards, it was a
lead state in developing NGSS due to the state’s leadership and high-quality science
and engineering standards (MDE, 2012). The state’s science and engineering
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standards are consistent with NGSS (MDE, 2012). Minnesota assembled a science
review committee charged with reviewing standards set in 2009 and created new state
standards based on feedback and review (MDE, 2018). These standards were
published in August 2019 with implementation expected in 2020. Also included in
Chapter Two is information on magnet schools and their role in school choice and
student performance.
Chapter Three focuses on the methodology used in this study, including
limitations and ethical considerations. Chapter Four shares the results of the study
and chapter five discusses the implications of the findings and their relevance to
education. Suggestions for further research are included.
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Chapter Two: Literature Review
Brief History of Science, Technology, Engineering and Mathematics Education
Science and mathematics have long been part of traditional curriculums in
schools. Both have been independent disciplines with goals and objectives in each.
While students need mathematics skills to complete science, technology, or
engineering assignments, secondary teachers in those subject areas have not thought
of themselves as mathematics teachers and rarely offer explicit instruction in
mathematics, and mathematics teachers have not often integrated science,
engineering, or technology opportunities into their subject area (Sanders, 2009).
Secondary teachers are often specialists in academic content areas, holding licenses to
teach in specific subject areas. In the secondary setting, science, technology, and
engineering are often taught independently with emphasis on subject content while
the mathematics courses focused on learning the necessary process or skill to
complete presented problems. Elementary teachers are usually charged with teaching
all subject areas to all students in the classroom (National Academy of Sciences
[NAS], 2014). Even though elementary school teachers are generalists and teach all
subjects, content as discrete subjects also occurs in the elementary school (Myers &
Berkowicz, 2015).
Science.
Science instruction has been the focus of educational reform for multiple
decades (Barrow, 2006). Science instruction has included the practice of inquiry,
where questions are used to set the need for learning, since the early 1900s and is
often credited to John Dewey (Barrow, 2006). Science reforms continued when
47

World War II technologies were a result of scientists, mathematicians and engineers
working together with the military to invent products that helped America win the
war (White, 2014). The National Science Foundation (NSF) was formed following
WWII to recognize and preserve the research of these collaborative efforts (Mervis,
2010). Russia’s launch of Sputnik in 1957 further spurred America to question the
quality of science instruction in the schools (Barrow, 2006; Mervis, 2010) and
increased the need to expand and develop science curriculum in schools (Barrow,
2006; White, 2014). NSF created and offered professional development for high
school science curriculum where the emphasis was thinking like a scientist (Barrow,
2006).
The publication of A Nation at Risk in 1983 identified needs in the public
school system with most of the concerns centering on secondary education. The
National Commission on Excellence in Education (1983) issued this report under the
direction of former president Ronald Reagan. This document reported secondary
students lacked many skills deemed necessary to help society to progress. Some of
the findings in this report revealed
•

students lacked higher order thinking skills, including difficulty with
inferences,

•

science achievement scores declined on national assessments,

•

remedial mathematics courses had increased,

•

business and military leaders needed to offer remediation courses,

•

students lacked skills in computers and technology (NCEE, 1983).

The committee responsible for A Nation at Risk (1983) offered recommendations in
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the area of science instruction at the high school level to include
•

concepts, laws, and process be taught in physical and biological science,

•

scientific methods of inquiry and reasoning be taught,

•

application of scientific knowledge to everyday events and daily life,

•

understanding the implications science and technology development will have
on social and environmental settings (National Commission on Excellence in
Education, 1983).

The National Commission on Excellence in Education called on other organizations
to support implementation of the recommendations. The National Academy of
Sciences, the National Academy of Engineering, and the National Science Foundation
were some of the organizations called on to help move the recommendations forward
(National Commission on Excellence in Education, 1983).
Science for All Americans was published in 1989 by the American
Association for the Advancement of Science and identified skills needed to become
scientifically literate (AAAS, 1989). These identified skills led to the Benchmarks for
Science Literacy (AAAS, 1993) that offered a sequence of learning goals to guide
teachers as they planned lessons in science, mathematics and technology. Benchmarks
(AAAS, 1993) were used to create the subsequent National Science Education
Standards (NSES) published in 1996 by the National Research Council, which led to
changes in science instruction, science content and teacher development as schools
worked to prepare students with 21st Century Learning Skills (Bybee & Fuchs, 2006).
It was during this time when the National Science Foundation first used “SMET” to
describe Science, Math, Engineering and Technology. Due to unhappiness with the
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sound of SMET, the acronym was changed to STEM (Sanders, 2009).
Taking Science to School: Learning and Teaching Science in Grades K-8
(NRC, 2007) focused on improving science education. The Committee on Science
Learning, Kindergarten Through Eighth Grade that researched and authored the book
was charged with three broad questions:
•

How is science learned, and are there critical stages in children’s development
of scientific concepts?

•

How should science be taught in K-8 classrooms?

•

What research is needed to increase understanding about how students learn
science? (NRC, 2007, p. 1).

The Committee brought forth conclusions and recommendations on the
understanding that students must learn to be proficient in science. Four strands of
science proficiency were identified: 1) know, use and interpret scientific explanations
of the natural world, 2) generate and evaluate scientific evidence and explanations, 3)
understand the nature and development of scientific knowledge; and, 4) participate
productively in scientific practices and discourse (NRC, 2007, p. 2). Those four
strands became the foundation for student learning goals and curriculum design while
incorporating the use of scientific practices students need. Taking Science to School
(NRC, 2007) also included recommendations for professional development of
classroom teachers within school systems, teacher preparation programs for future
teachers and agencies that provide or support professional development for teachers.
The recommendations and conclusions offered in Taking Science to School
(NRC, 2007) were used in the writing of Ready, Set, Science (NRC, 2008). This
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publication offered educators a new vision for science education and ideas for how to
implement ideas and recommendations found in the Taking Science to School report.
A Framework for K-12 Science Education (NRC, 2012) further identified the need for
science reform in schools and offered the three dimensions for science education.
The Framework provided goals for students to attain by the end of 12th grade in the
three dimensions:
Dimension 1: Science and Engineering Practices
Dimension 2: Crosscutting Concepts
Dimension 3: Disciplinary Core Ideas
Student endpoints in content areas were established for Grades two, five, eight
and 12 (NRC, 2012). From The Framework, came the creation of The Next
Generation Science Standards (NGSS) that provided performance expectations for
grades K-12 across the three dimensions (NAP, 2013). The NGSS (2013) align with
Common Core State Mathematics and English Language Arts Standards for each
grade (NAP, 2013). It is important to note not all states have adopted NGSS for
science standards. Minnesota, where this research was completed, reviewed and
updated their state science standards in August 2019. Prior to this 2019 adoption,
Minnesota’s 2010 science standards already included engineering and science
practices (MDE, 2016).
Technology.
Technology education includes drawing on other subject knowledge to create
and use technical means (White, 2014). Historically, individuals or businesses
invented new technologies to revolutionize and improve industry (White, 2014). In
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Technology and Engineering Literacy Framework for the 2014 National Assessment
of Educational Progress (2013), technology is defined as “any modification of the
natural world done to fulfill human needs or desires” (p. xi). This definition includes
a broad range of technology, from a creation of simple instruments, like a ruler or ball
point pen, to the design and operation of complex, infrastructures, like hydraulics and
electronically controlled smart homes. Technology education focused on a technical
design, rather than a purposeful design based on inquiry (Sanders, 2009). Often,
technology principles were not explicitly included or integrated into other school
subjects.
The Standards for Technological Literacy: Content for the Study of
Technology (STL) published by International Technology Education Association
(ITEA) in 2007 provided standards for students banded into grade level benchmark
topics. STL provides an overview of what students need to be technologically literate
as they progress through the K-12 educational system. With the constant change of
technology tools, STL emphasizes conceptual understanding of technology as well as
the comprehension of its basic elements (ITEA, 2007). The standards envision
technological literacy as integrated into other subject areas in the elementary setting
by the classroom teacher and taught by inter-disciplinary teams in the secondary
setting. Both approaches offer real-world learning and application of technology,
making the learning more meaningful (ITEA, 2007).
For some, technology education has been defined as teaching students how to
use a digital technology tool such as computers, smart phones and tablets. This is
referred to as Instructional Technology or Education Technology (White, 2014).
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Technology changes quickly, posing new problems and requiring new and innovative
thinking. According to Calton Pu, a professor at Georgia Institute of Technology,
“As the rate of technological innovation intensifies, the workforce of the future will
need to adapt to new technology and new markets. The most important skill is a
meta-skill: the ability to adapt to changes” (Krueger, 2017, p. 2).
In many schools, technology typically refers to digital learning (Sterling,
2015), using an electronic device to acquire knowledge, create a product, or simplify
a task. The term Technology Education includes the integrative use of technology
tools in science, mathematics and engineering problems (Sanders, 2009) as students
solve real-world problems in those and other subject areas using technology (White,
2014). Technology Education includes teaching how to use the tools but also creates a
purpose and reason for using each tool and is integrated into the learning experience.
Computer coding, or computational thinking, is one example of Technology
Education. Coding offers students an opportunity to see connections between
algorithmic thinking and solving problems (Sterling, 2015). Coding in the schools
was first introduced in the 1980s in a few schools but was replaced with teaching
students how to use existing programs and software (Popat & Starkey, 2018). The K12 Computer Science Framework (NRC, 2016) suggested that the field of computer
science, including coding, be an integral part of schools and instruction along with
teaching of existing computer programs and applications such as internet, word
processing and data systems. Integration of necessary computer skills into the
existing curriculum provides students with academic content while learning and
applying computer skills (NRC, 2016).
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Technology integration is seamless integration of technology tools that
students can easily access to obtain, analyze, synthesize, and collaborate on
information and share it with others (International Society for Technology in
Education, n.d). Technology education and application of technical skills are
essential to developing critical thinking skills required by the workforce (Bybee &
Fuchs, 2006). Minnesota does not have specific stand-alone technology standards; it
integrates technology into other academic areas (MDE, 2018).
Engineering.
Engineering has traditionally been part of technology education, or industrial
technology classes in the secondary setting (Bartholomew, 2015). Engineering and
technology have often fallen under the description of career and technical education
courses. Processes or engineering literacy were missing from many students’
educational coursework (Strimel & Grubbs, 2016). Despite no formal agreements on
what K-12 engineering skills or knowledge should be taught, the engineering design
process is being used (NAS, 2014). With The Framework identifying Dimension 1 as
Scientific and Engineering Practices and NGSS including engineering standards,
engineering is now being integrated into science courses as an approach to problem
solving (Moore, 2015). It is a practice that requires both knowledge and skill be used
simultaneously (NRC, 2012).
While Minnesota did not adopt NGSS, its state science standards have
included engineering as standards for K-12 students since 2010, before NGSS were
developed. Engineering standards found within the core subject area of science call
for integrative curriculum design that provides experiences and demands of the 21st
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century (Strimel & Grubbs, 2016). The integration of engineering practices into
existing curriculum offers students an opportunity to solve problems for a purpose,
better preparing students for complex comprehension of real-world situations and
problems (Moore, 2015). Including and integrating engineering into existing K-12
curriculum provides real-world context, embedding the standards for engineering
while connecting to other disciplines (Moore, 2015).
Mathematics.
Like science, mathematics has long been a core subject in schools. While the
subject has gone through interpretations, reforms and updates, it has been a required
curricular area throughout school history (Fauvel & Van Maanen, 1997). In the 18th
century, Benjamin Franklin advocated for mathematical and technical skills being
taught in town schools because of the value those skills would bring to the real-world
(Waggener, 1996). In the early 1900s, specific mathematics subjects and concepts
were taught to a select few at the high school level. Geometry and algebraic thinking
were taught only to selected students; most students learned arithmetic skills that
served a utilitarian purpose only (Klein, 2003; Waggener, 1996). Mathematics was a
stand-alone subject where memorization, process and application of theorems,
formulas and definitions were taught and practiced (Waggener, 1996).
As in science, the launch of Sputnik led the way for reform and federal money
to improve mathematics instruction (Woodward, 2004). Simultaneously with
Sputnik, post-secondary instructors were expressing concern that entering college
students were not adequately prepared in application of computational skills (Klein,
2003). The rewriting of K-12 mathematics curriculum began to focus on abstract
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mathematical concepts and was often termed “new math” in the 1960s (Woodward,
2004). Methods included the use of manipulatives and discovery learning as students
made sense out of the problems to explain the why as well as the what (Woodward,
2004). With a push for back-to-basics mathematics in the 1970s, instruction changed
to be more teacher-directed. Rote memorization, recitation of facts and a progression
of skills and prescribed steps for solving mathematical problems was the focus in
schools (Klein, 2003). With the publication of A Nation at Risk in 1983 (National
Commission on Excellence in Education, 1983), changes in mathematics instruction
began to occur again. There was renewed interest in problem-solving and conceptual
thinking in mathematics (Woodward, 2004). While some may use the terms
arithmetic and mathematics interchangeably, there are differences in the terms.
Arithmetic is the use of numbers to calculate the operation whereas mathematics is
the understanding of the concepts and relationship among the numbers (Weintraub,
2004).
The National Council of Teachers of Mathematics (NCTM) published
standards in 1989 and again in 2000. These were the first national standards to be
written for a content area, and they outlined skills and processes students needed to
master. With support from the National Science Foundation, these new standards
brought about change to mathematics instruction (Klein, 2003). Mathematics
instruction continues to be an area where changes, reforms, and improvements occur
as standards are questioned, altered, and rewritten.
Problem solving and real-world application of mathematical processes are part
of the Common Core Math Standards (CCMS). CCMS were adopted by 41 of the 50
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states by 2010 (Common Core State Standards Initiative [CCSS], 2017). However,
since that time several states have rewritten or replaced CCMS with other standards.
Currently, 34 states plus the District of Columbia use CCSS to guide mathematics
instruction (Education Week, 2017). The goal of CCMS is for students to learn
mathematics in a systematic way across grade levels and apply skills to solve realworld problems (CCSS, 2017). Minnesota, the state in this study, has not adopted
CCMS; its current state mathematics standards were revised in 2007 and fully
implemented in 2010. The standards were to be reviewed in 2015-16, but review of
the standards has been postponed until the year 2021-2022. The Minnesota state
standards describe mathematical knowledge learned through processes of problem
solving, reasoning and proof, communication, connection and representation (MDE,
2016). Like CCMS, the state mathematics standards include problem solving and
real-world application of math skills within the content area.
Science, Technology, Engineering and Math have been part of school
curriculum for years and taught as independent courses. The Framework and NGSS
have helped explain the integration and relationship of these subjects to each other.
As the world has become more connected via the Internet and technology devices,
and facts are at fingertips, students must learn how to use facts and content to solve
problems through creativity, communication and collaboration (Friedman, 2011).
STEM Education in Schools
What makes current STEM education different is more than the recent
emphasis of the T and E for more students (Sanders, 2009). Project 2061, created by
American Association for the Advancement of Science (AAAS, 1985), identified the
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idea of the integration of subjects, including technology as an area where students
should receive instruction (AAAS 1989; Bybee, 1995). Although the idea of subject
integration was suggested, teachers did not feel comfortable integrating the T and E
into their lessons and continued to teach subject areas as discrete and single areas of
learning (White, 2014). Technology and engineering were often perceived as add-ons
to be used later with only selected students (Volmert, Baran, Kendall-Taylor &
O’Neil, 2013). As the demand for STEM-skilled employees increased, a
concentrated effort to improve STEM instruction for all students through
interdisciplinary instruction was outlined in STEM 2026: A Vision for Innovation in
STEM Education (United States Department of Education, 2016).
Project 2061 called for an increase in science literacy and believed it to be a
national goal for all Americans. Halley’s comet and its expected appearance in 1986
and 2061 caused scientists and educators to wonder about all the changes students
entering kindergarten in 1985 would witness between those dates (AAAS, 1989).
With the possibility of these students witnessing Halley’s comet twice in their
lifetime, this group of educators and scientists used reports from other scientific
communities to offer recommendations that would increase scientific literacy for all
people (Bybee, 1995). Embedded in the call for science literacy was the need for
students to develop thinking and problem-solving skills in mathematical, scientific
and technical areas (AAAS, 2013). Project 2061 resulted in the publication Science
for All Americans (AAAS, 1989), that presented learning goals for the American
education system and its students.
Project 2061’s recommendations and benchmarks included the need for
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students to understand how science, mathematics and technology relate to one another
and the existing social systems (Bybee, 1995). Since the development of Project
2061, the terms integrative, interdisciplinary, multi-disciplinary or trans-disciplinary
have been used to explore the teaching of STEM subjects within one another or
within other subjects. Project 2061 and Science for All Americans recommended
students understand how science, mathematics and technology are connected and
dependent on each other (Bybee, 1995). Key features in integrated instruction
include learning goals connected to content and context when designing learning
experiences for students (Duschel & Bybee, 2014).
The term “integrated STEM” was difficult for the Committee on STEM
Education to define as connections or integration can occur in a myriad of ways
(NAS, 2014). Integration was not clearly defined but the committee described
integrated STEM instruction as integration of both the “learning experiences and the
anticipated student outcomes” (NAS, 2014, p. 24). Integrated STEM education
programs made learning connected and relevant for students (Stohlmann, Moore, &
Roehrig, 2012).
STEM education programs are described as having intentional components or
principles. STEM learning should 1) integrate technology, 2) reach across curriculum
and be interdisciplinary, 3) relate to real-world problems, and 4) be based on project
or inquiry-based learning (Han et al., 2014; Hansen & Gonzalez, 2014). Integration
of two or more disciplines in STEM focused environments helps students see
connections between concepts in their knowledge base, generate more creative
solutions and think in broader terms about a problem (Vasquez et al, 2012). STEM
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integration merges science, technology, engineering, and mathematics to deepen
student understanding of concepts in context, broaden understanding of the
disciplines through socially and culturally relevant lenses while increasing student
interest in STEM fields for future endeavors or STEM related fields (Roehrig, Wang,
Moore, & Park, 2012). Integrated STEM intentionally addresses learning standards
and gives relevance to the content while offering students the opportunity to practice
and use skills found in the globally connected world (NSTC, 2018).
STEM education and its integrated approach supports the skills identified as
21st Century Learning Skills (Myers & Berokwitz, 2015). The Partnership for 21st
Century Learning (P21) began in 2002 in an effort to start a dialogue about necessary
skills all students should develop for success in future work and life (Partnership for
21st Century Learning, 2016). Collaboration between educators, education experts,
policy makers and leaders in business identified skills, knowledge, and expertise
needed by students to succeed in work and life. The document, Framework for 21st
Century Learning (P21, 2015), included student outcomes centered on subjects or
themes. The areas of life and career skills, learning and innovation skills, and
information, media and technology skills were interwoven into the subjects or
themes. Necessary skills for 21st Century Learners include critical thinking, problem
solving, communication and collaboration (P21, 2015). The National Research
Council’s A Framework for K-12 Science Education (2012) Dimension 1, Science
and Engineering Practices, calls for the integration of critical thinking, problem
solving, and collaboration by students and the use of technology to support the tasks.
Scientists and engineers work in collaborative groups to solve problems and
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accomplish tasks. Divergent thinking and collaboration allowed greater learning to
occur from its participants (Robinson, 2010). An integrated STEM program builds
21st Century Learning Skills (Khalil & Osman, 2017).
The Framework and Science Standards
The National Research Council (2012) developed a conceptual framework,
referred to as The Framework, to help all students succeed in STEM subjects. It
provided researched support for improving teaching and learning in the sciences and
offered guidance for states when making decisions regarding science standards. The
expectations and vision from The Framework was that “students, over multiple years
of school, actively engage in science and engineering practices and apply crosscutting
concepts to deepen their understanding of each field’s disciplinary core ideas” (NRC,
2012, p. 2).
The committee that developed The Framework built on earlier work and
studies. Project 2061 (AAAS, 1985) resulted in the publication Science for all
Americans in 1989. AAAS next published Benchmarks for Science Literacy in 1993.
This publication identified what content should be included in core science
curriculums in schools (AAAS, 2013). This work was followed by the development
of the National Science Education Standards in 1996 and published by NRC. Project
2061 also published a two-volume work of conceptual strand maps entitled Atlas of
Science Literacy (AAAS, 2001). These showed the connections between K – 12
student understanding of content and skills that would lead to literacy in the areas of
science, mathematics, and technology. It was not a curriculum, but a tool used to
design curriculum and instruction that would address the identified benchmarks
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(AAAS, 2013). The NRC next published Taking Science to School (2007) that
centered on questions about how science is learned by students, developmental stages
related to concepts, how K – 8 science should be taught, and what is needed to better
understand how children learn science (NRC, 2007, p. 1). Ready, Set, Science (NRC,
2008) used the research from Taking Science to School (2007) to create
implementation ideas, hoping to move theory and research into practice in classrooms
(NRC, 2008). While science benchmarks and standards had existed for more than 15
years, there was little change or improvement in student performance (NRC, 2007).
The progression of these documents and publications helped shape the writing of The
Framework as committee members worked to identity the major ideas of K-12
science education that all students should experience (NRC, 2012).
The Framework identified three major dimensions to “be integrated into
standards, curriculum, instruction, and assessment” (NRC, 2012, p. 2) for meaningful
learning to occur. The first dimension, Science and Engineering Practices, has been
identified as essential for students when engaged in science and consists of eight
skills all students should have (NRC, 2012).
•

Asking questions (for science) and defining problems (for engineering)

•

Developing and using models

•

Planning and carrying out investigations

•

Analyzing and interpreting data

•

Using mathematics and computational thinking

•

Constructing explanations (for science) and designing solutions (for
engineering)
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•

Engaging in argument from evidence

•

Obtaining, evaluating, and communicating information

These practices are based on three spheres of activity used by scientists and
engineers: investigating, evaluating, and developing explanations and solutions
(NRC, 2012). The evaluating sphere is the link between the two others and requires
critical thinking when scientists and engineers engage in argumentation, critique and
analysis of data (NRC, 2012). The eight practices are not a sequence of steps for
teaching science and engineering but skills students use to support learning and
thinking in STEM areas. The term practices was chosen to convey that science is
more than content or following a step-by-step scientific method process; it is an
integration of skills and content that allows students to understand and apply
scientific thinking (NRC, 2012). The Framework acknowledged a progression of
skills for each practice based on students’ ages and grade level placement in the first
dimension of Science and Engineering Practices (NRC, 2012).
Crosscutting concepts is the second dimension outlined in the framework.
The term crosscutting concepts helps support the integration of STEM into other
curriculum areas. The seven crosscutting concepts identified were 1) Patterns, 2)
Cause and Effect, 3) Scale, Proportion, and Quantity, 4) Systems and System Models,
5) Energy and Matter in Systems, 6) Structure and Function and, 7) Stability and
Change of Systems (NRC, 2012). These crosscutting concepts are not intended to
add additional content in the classroom but to help teachers and students see the
connectedness of science thinking to the science processes and other subject areas
(NRC, 2012).
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The third dimension addresses the core discipline areas of Physical Sciences,
Life Sciences, Earth and Space Sciences, and Engineering, Technology and
Applications of Science. These core areas are limited in number to allow students to
gain deep understanding of each. These areas also provide guidance to states on how
to band content for grade level standards (NRC, 2012). It must also be noted that
technology is not limited to electronic devices but includes any tool or change in the
natural world that helps humans (Vasquez et al., 2013). This last dimension of core
ideas is used to support science performance as students explain ideas and
conclusions, applying what they have learned to the how and why of their learning.
The third dimension of core discipline areas provides the content bands in which the
first two dimensions can be applied.
The three dimensions in The Framework utilize previous instructional
pedagogy and the National Science Education Standards from 1996. Inquiry learning
and problem-based learning are instructional practices that have been used in
classrooms over the years. Skills required for inquiry and problem-based learning
align with the three-dimensional learning as outlined in The Framework (Krajcik,
2015). The Framework articulated the use of scientific inquiry as tool to engage
students in using the practices along with content to improve science thinking and
understanding (NRC, 2012). Students plan investigations using core ideas, scientific
practices and crosscutting concepts within each of those instructional practices.
Solving real-world problems helps establish relevance and importance to the
task at hand. Project-based learning (PBL), inquiry-based learning, and engineering
design challenges offer problems for students to solve based on questions or
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observations and are authentic to real-world problems (Glancy & Moore, 2013;
Sneider, 2012). PBL and inquiry-based learning are similar approaches and are often
used in STEM focused programs and help achieve STEM integration (Han et al.,
2014; Hansen & Gonzalez, 2014; Laboy-Rush, 2011, Roehrig, et al, 2012).
Engineering challenges offer a problem where students design a solution to test,
improve, and retest in attempts to offer a solution (Vasquez, Sneider & Comer, 2013).
Using NGSS and The Framework for K-12 Science Education (2012), STEM
programming also includes scientific and engineering practices, crosscutting
concepts, and the core ideas in the four disciplinary areas (NRC, 2012). The use of
scientific inquiry is one type of scientific practice, allowing students to ask questions,
seek answers, and present or argue findings (Bybee, 2011). The engineering design
process allows students to create solutions to a problem, specify and evaluate design
criteria, and share findings. This provides students with opportunities to see the
connectedness of science, math, and technology as they apply content knowledge to
solve problems and design solutions (Bybee, 2018). STEM education is interpreted
differently than the teaching of each subject independently; it requires integration
across academic discipline areas connecting context and content for students.
Inquiry in Education
While most agree inquiry is using questions, how to use inquiry in education
has not been an easily defined or agreed upon by educators (Barrow, 2006). Some
define it is a teaching strategy using a set of student skills that are taught. Other
definitions have included inquisitiveness as a habit of mind, a strategy for motivating
learners, or a hands-on process to learn something not known before starting (Barrow,
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2006). The National Science Education Standards (NRC, 1996) described inquiry
education for students as involving asking questions, gathering data, and using critical
thinking skills to analyze data to find an answer.
John Dewey is often credited with first using the inquiry model in the
classroom in the early 1900s (Barrow, 2006). As a high school science teacher, he
encouraged teachers to use this teaching strategy to actively involve students in the
scientific process, making students active learners in the classroom. His model
became the basis for secondary school curriculum, Science in Secondary Education
developed by the Commission on Secondary School Curriculum in 1937 (American
Education Fellowship, 1938; Barrow, 2006). This approach engaged learners as they
searched for answers to questions they posed.
With Russia’s 1957 launch of Sputnik, there was considerable concern
regarding the quality of science instruction in the schools. This led to increased focus
on the science curriculum and content. The National Science Foundation funded the
writing of innovative physics curriculum and other science curricula, along with
funding for professional development of teachers using the curriculum. The goal was
to develop high school students’ abilities to think like a scientist. Inquiry was the
preferred pedagogy in the 1960s in order to allow students to learn the process of how
scientists work; it was not used for students to answer their own questions (DeBoer,
2000). Developing scientists was a goal as part of the United States’ response to
Sputnik and winning the space race (Barrow, 2006).
In the 1970s, the term scientific literacy was used to explain the goal of
science education (DeBoer, 2000). Scientifically literate people would use the
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content, knowledge, and connectedness of the sciences, mathematics, and technology
to solve problems related to science (AAAS, 1989). Scientific literacy was defined as
understanding science in terms of the social context (DeBoer, 2000). Using inquiry
would help students understand science content and apply it to process skills, nature
of scientific inquiry or general inquiry of other topics (Barrow, 2006). Proponents of
scientific literacy, in terms of social context, saw science content only as a necessity
to address societal issues that could be remedied through science (DeBoer, 2000).
With the publication of The Nation at Risk: An Imperative for Education
Reform in 1983, science and mathematics were closely scrutinized. That publication,
along with Project 2061 (AAAS, 1985) and Science for all Americans (AAAS, 1989)
led to new standards with an emphasis on inquiry-based science. The National
Science Education Standards (NSES), developed and published in 1996, defined
scientific inquiry as the diverse ways scientists study the natural world and as a set of
activities used by students to develop and understand knowledge and ideas (NRC,
2000). Inquiry based learning was a term often used to describe good science
teaching and learning (Anderson, 2002). “Learning science is something that
students do, not something that is done to them. ‘Hands-on’ activities, while
essential, are not enough. Students must have ‘minds-on’ experiences as well” (NRC,
1996, p. 2). NSES identified inquiry-based approaches as central to science learning.
Through inquiry
Students describe objects and events, ask questions, construct explanations,
test those explanations against current scientific knowledge, and communicate
their ideas to others. They identify their assumptions, use critical and logical
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thinking, and consider alternative explanations. In this way, students actively
develop their understanding of science by combining scientific knowledge
with reasoning and thinking skills. (NRC, 1996, p. 2)
The term inquiry has had many interpretations. Inquiry has been identified as
a key component in STEM education (Glancy & Moore, 2013; Hansen & Gonzales,
2014) and has been linked to increased performance and achievement gains at the
elementary, middle and high school levels (Cotabish, Dailey, Robinson, & Hughes,
2013; Han et al., 2014; Hansen & Gonzalez, 2014; Kim, VanTassel-Baska, Bracken,
Fent, Stambaugh, & Bland, 2011; Marshall & Alston, 2014; Varma, 2014; Vitale &
Romance, 2012). Different researchers have defined inquiry in several ways through
explicit and specific descriptions over time (Anderson, 2002).
Different levels of inquiry have been described: confirmation, structured,
guided, and open (Bell, Smetana, & Binns, 2005; Rezba, Auldridge, & Rhea, 1999).
The levels begin with teacher guidance and progress to student created investigations.
In confirmation inquiry students followed predetermined procedures to confirm an
already known answer. This type of inquiry allowed students to practice the process
of gathering and analyzing data. Structured inquiry also followed predetermined
procedures to find an unknown answer. Guided inquiry required students to design
the procedures or steps to gather data to a teacher presented questions. Open inquiry
offered students the opportunity to formulate the question and processes for
completing the activity. All four levels require collection, interpretation, and analysis
of collected data, while increasing student involvement (Bell, Smetana, & Binns,
2005).
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National Science Education Standards (NSES) served as a guide for state
science standards as the understanding of inquiry deepened (NRC, 2007). The
Framework notes the term inquiry has become ambiguous and led to different
approaches that have been counterproductive to increasing success on common
standards (NRC, 2012). Because of this confusion, the committee selected the word
practices to describe the many methods used by engineers and scientists. NGSS have
now replaced the former National Science Education Standards. Because of the many
interpretations of inquiry over the years, NGSS uses the terms asking questions and
defining a problem rather than inquiry to describe one practice of science and
engineering (NRC, 2013). As of November 2017, 20 states plus the District of
Columbia have adopted the Next Generation Science Standards (NSTA, 2018).
Project-Based Learning in Education
Project-based learning (PBL) is an approach where students seek solutions to
authentic or real-world problems through the conception and completion of a project
done in collaboration with others (Sias, Nadelson, Juth, & Seifert, 2017). PBL was
introduced in the medical field in the 1970s when the traditional lecture approach was
seen as ineffective (Savery, 2006). Dewey’s use of student driven questions in the
inquiry approach to guide learning is often compared to the authentic problem to be
solved in PBL (McCaughan, 2015). While inquiry and PBL were first used with high
school or college-aged students, both approaches are used in some K-12 settings with
varying levels of implementation. Difficulties with PBL implementation in
classroom settings include the required time to complete, change in teacher role to
facilitator and increased pressure for results on standardized tests (Ertmer &
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Glazewski, 2015).
Despite those difficulties, some schools are implementing PBL. Like inquiry,
PBL often begins with a student driven question or identified problem relevant to the
community or student. Students read, write, compute and use science or engineering
skills to find a solution to the problem, requiring integration of many content areas
(Bell, 2010). Technology or digital tools are used to find information, collect and
organize data and be used to connect students to others for collaboration and
communication (Krajcik, 2015). The Framework calls for students to use authentic
practices of science and engineering to achieve proficiency in science fields (NRC,
2012). PBL offers students that opportunity through the process of questioning,
investigating, explaining, collaborating and concluding (Krajcik, 2015).
PBL is student-driven with the teacher facilitating or guiding the research and
process (Bell, 2010). In a case study at two emerging STEM schools, eight teachers
were interviewed at the end of the first year and their results coded for themes. One
theme that emerged was the consideration of PBL as the backbone of their STEM
education program as teachers aligned STEM concepts with personal philosophy (El
Nagdi, Leammukda, & Roehrig, 2018). While the study focused on teacher identity
and attributes in a STEM school, all of the participants included the integration of
using real-world problems with students as a requirement for success in implementing
STEM programming.
PBL is an inquiry approach that requires student engagement to learn. When
using PBL, students may receive some content first, which then leads to a question or
problem the students work to solve. PBL can also start by identifying a problem in
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the community that creates the question that drives students to find a solution (Harris,
Penuel, D’Angelo, DeBarger, Gallagher, Kenney, Cheng, & Krajcik, 2015). Either
approach requires the project and learning be based on student questions. PBL
supports The Framework’s vision for students to both know the content areas of
science and to perform the practices of scientists. The three principles of core ideas,
science and engineering practices, and crosscutting concepts as outlined in The
Framework can be met through PBL experiences in the classroom. Based on solving
real-world problems, an overlap of subject areas occurs naturally as students work to
design solutions through research, application of mathematical and science content,
and interaction with one another (Capraro, Caprapro, & Morgan 2013).
Academic Impact of Inquiry or PBL in Science
An elementary study of approximately 1800 students in grades two through
five showed a statistically significant impact for students placed in inquiry or handson integrated STEM learning units (Cotabish, Dailey, Robinson, & Hughes, 2013).
Half of the students were placed in experimental groups where teachers used
integrated STEM learning while the comparison group of students continued with
traditional practices using the district purchased science curriculum. The integrated
units required students to find solutions through investigations and problem solving.
This study used pre and post test scores to determine growth of science process skills
and science content. Students in the experimental group gained 32 percentage points
in science content knowledge compared to 6.5% in the comparison group. In the area
of science process skills, the experimental group increased 20 percentage points
compared to 11% in the comparison group. An inquiry approach was found to have a
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statistically significant positive impact on student learning at the elementary level
(Cotabish, Dailey, Robinson, & Hughes, 2013).
In a smaller study of elementary students who participated in an inquiry based
guided experiment, greater growth was noted between pre and post-tests compared to
those who received traditional textbook instruction (Varma, 2014). This study
involved a total of 64 first and third graders divided into control and experimental
groups. At each grade level there was one control group and one experimental group;
previous achievement scores helped ensure the groups had similar skills. The control
groups received traditional instruction from the classroom teacher while the
experimental groups participated in hands-on, inquiry-based instruction on the same
content. There were 18–19 students in each of the third-grade groups and 13–14 in
each first-grade group; instruction occurred daily for five consecutive days. All the
groups received instruction on thermodynamics. A pre and post-test on knowledge of
the content was conducted as interviews and assessments of student use of mental
models to represent systems and make connections between concepts. Pre-test scores
reflected all students had comparable knowledge prior to instruction. On the posttest, third grade students in the experimental group had an increased knowledge score
of 63% compared to 36% in the control group; first grade experimental scores
increased 57% while the control group had 0% increase in knowledge. The mental
model increased scores were identical in third grade. The control group of first
graders did have a 20% increase on the mental model assessment, compared to a 57%
increase of the experimental group. While this study had limitations due to the small
sample size and the short duration, the results did support inquiry and
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experimentation increased learning of science concepts in young children (Varma,
2014).
More than 3,000 primary-aged students were included in a study to determine
the impact of investigation-based science compared to traditional curriculum. This
study used a developed science program focused on student led inquiry or
investigations and related concepts (Kim, Van-Tassel-Baska, Bracken, Feng,
Stambaugh, & Bland, 2011). Data was collected from the middle three years of a
five-year implementation plan. Teachers were randomly assigned to be in the control
or experimental group. Similar student demographics were found in each group.
Experimental groups used an inquiry-based science curriculum focused on
developing critical thinking skills and science talent to answer questions or solve realworld problems identified by teachers or students. Control students continued to use
the traditional district curriculum and existing teacher practices. In the experimental
group, emphasis was put on students taking on the role of a scientist to find solutions
and “do” science (Kim et al., 2011). In particular, this study was interested in the
effects of students at Title 1 schools. Teachers in the experimental group participated
in staff development and some were observed to ensure fidelity with implementation
of the program. Scores were collected from a variety of instruments in years two,
three, and four of this study and analyzed for statistical significance. Students in the
science inquiry-based groups made statistically significant growth, reinforcing an
inquiry-based approach to science raised scores for students in grade one through
three (Kim et el., 2011).
When inquiry-based instruction that integrated subject areas was used in a
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middle school, positive results were found in the areas of mathematics and science
(Taylor & Bilbrey, 2012). Taylor and Bilbrey (2012) found significant positive
impacts in the area of mathematics for students identified as living in poverty,
students identified as black, and female students. This study was conducted in a large
Alabama school of over 1,200 students in Grades K-5. The school made a curriculum
and instructional change in mathematics and science units, moving from teacher
directed instruction to an inquiry-based learning model. Standardized assessment
data in mathematics and science, for the three years before and the three years after
implementation, were used to determine trends and if a significant and quantifiable
change was measured in student performance. The difference for the total student
population was not significantly different but for some sub-groups the results were
statistically significantly better with inquiry. All sub-groups had less variation in
performance scores. Males scored significantly higher on the mathematics and
science assessment during the inquiry based years. Females showed an increase in
the area of mathematics but no statistical difference in science. Black students also
had significant increases in mathematics and science following inquiry-based
instruction. Significant positive impacts in science and mathematics were found for
the subgroups identified as students living in poverty. Many of these subgroups are
often underrepresented in the STEM field, so the findings in this study supported the
importance of inquiry-based learning to reach all students (Taylor & Bilbrey, 2012).
A five-year analysis of composite science practices and science concept scores
from the Measure of Academic Progress (MAP) tests supported effective, inquirybased instruction led to increased test scores and a narrowing of the achievement gap
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between students of color and Caucasian students (Marshall & Alston, 2014).
Inquiry-based instruction in this study moved teachers away from the confirmatory
laboratory experiments in textbooks to including investigations that challenged
students to question the world around them, justify and explain their reasoning, and
model concepts (Marshall & Alston, 2014). This study involved 11 schools and close
to 10,000 middle school students. Teachers who participated in the experimental
group committed to an additional 80 hours of involvement each year. These 80 hours
provided professional development regarding teacher practice, including initiating
change in teacher practice, observations and meetings with others in the experimental
group. All sub-groups in the experimental classes showed statistically significant
growth on the science composite, science practices and science content MAP tests.
While African American and Hispanic students demonstrated greater growth than the
Caucasian students, and the gap lessened slightly between ethnic groups, there was no
statistical significance between ethnic groups (Marshall & Alston, 2014). Inquirybased instruction in this quasi-experimental study supported student growth on MAP
science tests.
Using STEM Project Based Learning activities (PBL) also showed significant
positive impact on students’ mathematics scores at the high school level (Han,
Capraro, & Capraro, 2015). The authors of this study described effective PBL
classrooms as using interdisciplinary and cross content objectives in hands-on,
interactive group work and activities. This study had 485 participants in the
experimental group. These students were from three schools using PBL methods
related to STEM content, referred to as STEM-PBL. The control group had 1054
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students from two schools that used PBL but not directly related to or integrated with
STEM. These schools were referred to as non-STEM PBL schools. Teachers from
the STEM PBL schools were involved in sustained professional development where
they created STEM PBL lesson plans and worked with STEM content specialists.
Lessons created focused primarily on mathematics and science but also integrated
technology and engineering content. The authors of this study gathered and analyzed
results only from the mathematics portion of the state standardized test in Texas; no
data was gathered in the areas of science.
The majority of students in the experimental groups were Hispanic and 85%
participated in the Free or Reduced Lunch program. Data used was from
standardized state mathematics tests in Texas and controls for variables of race,
gender, economic status, English learner, special education, and students labeled at
risk were employed in the analysis. Low achieving and at-risk students were
identified by the Texas Education Agency as students who “underperformed on the
state test, had limited English proficiency, or were in the care of a state agency” (Han,
Capraro, & Capraro, 2015, p. 1095). Socio-economic status (SES) was not included
in this definition of low-achieving or at-risk. Data analysis of student growth over
three years revealed significant academic gains in mathematics by students identified
as low achieving or at risk in the STEM PBL setting compared to low achieving or at
risk students in non-STEM PBL schools. Students identified as mid to high achieving
had similar growth gains similar between the two groups. In both settings, students in
the low socio-economic status showed lower growth rate than other students. Being a
student in the low SES did not qualify students as at-risk based on the definition
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unless other criteria were also present. These findings supported the STEM PBL
instructional approach in this study correlated to growth for most learners, with
significant gains for students who are considered low achieving or at-risk (Han,
Capraro, & Capraro, 2015). STEM PBL was found to benefit low performing
students and reduce the mathematics achievement gap in high school students (Han et
al., 2015; Marshall & Alston, 2014).
A study from 2002 (Schneider, Krajcik, Marx, & Soloway) found student
scores on the National Assessment of Educational Progress (NAEP) were
significantly higher for those in problem-based science classes compared to
traditional science classrooms. This older study used scores from one high school that
used inquiry based PBL science instruction exclusively in Grades nine to 11. This
school was not considered a magnet nor a charter school but an alternative public
high school with a philosophy of promoting independence and responsibility
(Schneider et al. 2002). Enrollment was by lottery. The demographics of this school
corresponded to the district demographics which where predominantly White and
upper middle class. The NAEP scores of this school were compared to NAEP scores
nationwide. Comparisons to similar subgroups supplied by NAEP were also
completed. Students at the PBL high school scored significantly higher than the
national average on extended construct response items, earth science and science
investigation items. An unknown in this study is what percentage of students from
the national results also participated in PBL or inquiry based science instruction.
While this study promotes PBL as effective for raising science scores, one concern
was if the school’s alternative approach was an unmeasured variable for strong scores
77

on the NAEP.
In a study of sixth graders in 42 schools in an urban district, project-based
curriculum was found to provide many opportunities for students to engage in science
practices from The Framework (Harris, Penuel, D’Angelo Haydel-DeBarger,
Gallagher, Kennedy, Cheng, & Krajcik, 2015). This randomized controlled study
examined science proficiency, in terms of The Framework’s vision of core ideas,
science and engineering practices, and crosscutting concepts. How students learned
science was as important as the content (Harris et al, 2015). The schools involved
were matched on similar demographics. The control schools continued to use district
provided textbooks while the treatment schools used a published curriculum, ProjectBased Inquiry Science (PBIS) and participated in additional staff development
centered on using project-based learning in the classroom. All teachers, at both
control and treatment schools, were provided with a copy of the book, Framework for
K-12 Science Education (NRC, 2012) prior to the start of the school year. Using The
Framework as a guide, assessments were developed, reviewed and pilot tested and
then used to measure student achievement at all schools. Student in the PBIS
classrooms scored significantly higher than students in the control settings. While no
significant difference was found between students based on race or SES in the
treatment schools, gender differences were noted. Females’ scores were significantly
better than males in the PBIS setting. In addition, treatment schools that had high
numbers of low-achieving students found gains made were similar to treatment
schools with low numbers of low-achieving students. Overall, in a one-year
implementation plan, students involved in project-based learning had improved
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student learning and science proficiency scores on end of unit assessments compared
to the control schools (Harris et al, 2015).
Contrary to those findings were the results of a study conducted in the San
Diego School District. This study compared science scores between schools using a
designed science program based on inquiry and investigations to schools using a
traditional textbook approach. Those schools using a traditional textbook approach
found greater gains than schools using the inquiry and investigation curriculum
(Poderosa, 2013). Examination of the schools involved found very different
approaches to discipline and the enrollment process. The schools using traditional
textbooks methods were fundamental schools, which required applications to attend.
Parental volunteer hours, adherence to the behavior policy, and academic
performance expectations were also required once the student was admitted. The
fundamental schools also required teachers to operate within the expectations and
rules of the fundamental schools regarding academic success although these were not
explained in this study. Those parental, behavioral, and academic expectations were
not true of the non-fundamental schools where the inquiry curriculum was being
implemented.
Poderosa (2013) acknowledged student investigations and labs were also part
of the textbook curriculum at the fundamental schools. Data was collected from
district science benchmark exams to determine academic gains and student surveys
were conducted to glean information regarding attitude towards science in relation to
instructional approaches. On all benchmark assessments, students in the traditional
science classes at the fundamental schools showed statistically significant higher
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achievement scores. Data were also collected regarding student attitude towards
science. Data supported students in the inquiry-based classrooms had significantly
higher positive attitudes towards science learning and instruction (Poderoso, 2013).
This study may suggest school climate and expectations had more of an impact on
science achievement than pedagogy but instructional approaches may impact student
attitude and interests in the sciences.
While inquiry-based instruction and PBL do not have STEM in their title,
both have been connected with mathematics and science and are considered
innovative approaches to improve student learning and teacher effectiveness (Sias,
Nadelson, Juth, & Seifert, 2017). Most literature reviewed supports these
instructional approaches as ways to increase student achievement scores. These
hands-on learning processes require successful integration of skills from many subject
areas (Cotabish et al., 2013; Han et al., 2015; Kim et al., 2011; Taylor & Bilbrey,
2012; Varma, 2014). Through PBL and the use of inquiry, many of the 21st Century
Skills can be met (Mong, 2013). The practices of science and engineering calls on
students to ask questions, investigate, find evidence and communicate findings (NRC,
2012) and are also required when using inquiry or PBL in classrooms. Limited
research has been completed on the effectiveness of STEM programming at the
elementary level (Chiu et al., 2015; Hansen & Gonzalez, 2014). Science practices
which include investigation of questions, argumentation, and constructing or creating
scientific explanations and models are instructional approaches that increase science
proficiency by students (NRC, 2007). PBL and inquiry-based instruction use
questions as a base for the investigation or engineering design process, require
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application of content and data for possible answers and solutions, and provide
opportunities for students to engage in scientific practices (NRC, 2007). PBL and
inquiry-based instruction yielded positive results in some, but not all, of the studies
reviewed.
Integrated Instructional Approaches in STEM Education
Curriculum integration brings content from one area into another and provides
students the opportunity to apply multiple content area skills to a project,
investigation, or assignment (Sias, Nadelson, Juth & Seifert, 2017). Both Project
Based Learning (PBL) and Inquiry-Based Learning require students to use a hands-on
experimental approach or an engineering design approach to answer questions or
solve a problem, incorporating many aspects of the STEM principles. Using
engineering and scientific practices allows students to solve authentic or real-world
problem by integrating concepts and skills from all subject areas. Reading, writing,
mathematics, and collaboration are often required as students apply scientific
concepts to solve the problem. The use of technology allows students to collaborate
and share their work as well as providing tools for research. Students who participate
in a process of experimenting with different materials to solve problems demonstrate
better understanding of the concept on post assessments (Cotabish et al., 2013; Han,
Capraro and Capraro 2015; Marshall & Alston, 2014; Varma, 2014).
In a STEM-focused school, the problem to solve is realistic or authentic to the
students, thereby increasing the level of engagement and learning (Glancy & Moore,
2013). Student engagement is often connected to student learning as students work
to find answers or solve the presented problem in a PBL or inquiry-based lesson,
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requiring some degree of subject area integration as students apply context to content
areas, design a solution, interpret collected data to find answers, and share results.
NGSS did not omit the practice of inquiry but embeds it into the eight practices
within performance expectations for students (NGSS, 2013).
Different terms have been used to describe this integration of subjects into
STEM instruction. Multidisciplinary and interdisciplinary are two common terms
found in STEM literature. Multidisciplinary instruction is where each subject is
identifiable; the students connect skills and content. Interdisciplinary instruction
centers on one problem requiring the use of multiple content areas and skills
(Capraro, Capraro & Morgan, 2013; Wang, Moore, Roehrig, & Park, 2011). Those
instructional approaches require integration of curriculum across two or more subject
areas to deepen and broaden student understanding of STEM subjects and how they
interact with other discipline areas.
In a case study involving three middle school teachers tasked with creating
integrated STEM units, all teachers spoke about the importance of STEM integration
in terms of student engagement and boosting student confidence in science and
mathematics while adding purpose to the learning. This study revealed teachers’
perceptions of the value of integrated lessons involving science, mathematics, and
engineering, as students understood the interconnectedness of the content and
processes used to problem solve. Information from the teacher interviews also
revealed the belief that STEM integration instruction was key in helping students
grow from mistakes or failures. Students applied learned content and worked to learn
new skills to solve the presented problems during the integrated STEM unit (Wang,
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Moore, Roehrig, & Park, 2011).
In another middle school study, nine science teachers were observed using
different levels of content integration. These multiple classroom observations
followed professional development sessions where teachers were tasked with creating
integrated units incorporating math, engineering, and science to address real-world
problems while meeting state standards. These structured and recorded observations
classified teaching approaches as having low, medium, or high amounts of subject
integration. Both student interest and motivation were reported as high at all levels,
but the classrooms with high levels of integration, defined as using multiple
disciplines in a class period more than 80% of the observed time, reported more
student success in understanding content and in the engineering challenge. Students
in these classrooms demonstrated application of the learned mathematics content,
understood the science behind the task, and applied the engineering process to create
and test their designs. In classrooms where integrated instruction was less than 50%
of the time, students struggled to connect mathematical skills and science content to
the engineering design challenge (Dare, Ellis, & Roehrig, 2018). This study supported
integrated instruction to create a purpose for learning content and to engage students
in using scientific and engineering practices.
A one-year study conducted by Cotabish et al. (2013) involved close to 1,800
students and 70 teachers. In an elementary setting with students in Grades two
through five, significant gains were noted by the experimental group compared to the
control group in the areas of science process skills, science-content knowledge and
science concepts (Cotabish et al., 2013). Teachers participated in intentional staff
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development on instructional strategies for science, including inquiry-based learning,
exploring science content, understanding science concepts, and integrating science
across curriculum. Students in the experimental group received science instruction
that was inquiry or problem based. In addition, a biography series was integrated into
reading to provide more information on scientists, processes, and concepts. The
experimental group used a designed STEM curriculum focused on overarching
concepts integrated into all curriculum areas for students in grades two through five.
A significant increase between pre- and post-tests in the areas of science content and
science process skills was found for those students in the experimental group, where
teachers integrated instruction, compared to students in the control group, where
subjects were taught with traditional methods. Students in the experimental group
gained nearly 32 percentage points in science content and 20 percentage points in
science process skills; the control group gained 6.5 and 11 percentage points in each
respective area. The findings suggest integrated instruction resulted in positive
growth for students (Cotabish et al., 2013). This study supported integrated STEM
programming had a positive impact on student achievement scores at the elementary
school level.
A study of middle school students found evidence to support instruction using
STEM principles correlated to a positive impact on standardized exams over the
course of the students’ middle school years (Hansen & Gonzalez, 2014). The authors
defined STEM learning to “1) integrate technology, 2) reach across disciplines within
the STEM field and beyond, 3) relate to authentic, or real-world, problems, and 4) be
based on project-focused tasks” (Hansen & Gonzales, 2014, p. 141). This study used
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publicly available data for North Carolina public and charter schools in the areas of
reading, mathematics and science. Eighth-grade science scores from North
Carolina’s End of Grade (EOG) tests were analyzed. Only students who had EOG
mathematics and reading scores in Grades five through eight were included in the
analysis. Students completed survey items to reflect their interpretation of teaching
practices. Items were categorized under the STEM principles for scoring. Notable in
this study was the strong correlation to learning gains when technology was
integrated into either of the subject areas. Technology in this study was defined as
the use of tools, such as computers, calculators, and instructional videos. Overall, the
identified STEM principles were associated with increased gains in mathematics and
science for all students, including minority students who are often underrepresented
in the STEM fields (Hansen & Gonzalez, 2014).
A study of two elementary schools in Florida with similar demographics
examined reading and science scores on a standardized test following one year of
integrated instruction in one school and traditional instruction in the other (Vitale &
Romance, 2011). This study of first- and second-graders involved approximately 350
student participants and 22 teachers. All schools had predominantly students of color
and similar rates of participation in the Free and Reduced-Price Lunch (FRPL)
program. Teachers of the experimental groups participated in staff development prior
to, and throughout, the school year. Those teachers scheduled 45 minutes daily to
integrate core science concepts into reading and writing to complement existing
curriculum and to meet state standards. The experimental and control schools both
used district purchased basal reading program but the experimental school was
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supplied with supplemental age-appropriate reading books with science content. No
pre-tests were given prior to the start of this study. The Iowa Test of Basic Skills
(ITBS) was administered to all students at the end of the year and the scores were
analyzed. The students in the content integrated classrooms performed significantly
better on reading and science standardized tests than those in the traditional classroom
(Vitale & Romance, 2011). This study supported the integration of science into other
subject areas helped to provide a context for the learning and improved multiple
content area test scores.
Developing literacy skills through content area is an added benefit of
integrated curriculum (Holloway, 2002). Reading proficiency scores in an Ohio
study increased for students whose teachers intentionally used informational text and
reading strategies during science instruction (White, Shockley, Hutzel, & Wilson,
2014). This study examined the impact on student achievement scores in classrooms
where teachers had received specific professional development on teaching science
content and teaching reading through non-fiction. Students in classrooms where
teachers had increased the use of non-fiction science related articles had higher rates
of proficiency on the state proficiency test in the area of reading (White, Shockley,
Hutzel, & Wilson, 2014).
Because of the emphasis on standardized test scores in reading and
mathematics, schools have decreased instructional time in other subject areas. In a
survey of 349 school districts measuring the impact of testing under No Child Left
Behind (NCLB), schools reported a 30% or more reduction of time spent on science
instruction. Those same schools reported instructional time increasing in English86

Language Arts (ELA) by 47% and 37% in mathematics (Center for Education Policy,
2008). Integrating science content into the ELA instructional teaching block
addresses the teaching of science content while improving literacy skills (Holloway,
2002). Text can provide background and additional information to the STEM-based
lesson as well as connect the in-class science learning to the world outside the
classroom (Douglas, 2006). Integrating literacy skills through science content helps
students plan and write science investigations, read about similar investigations, and
use inductive thinking about science phenomena (Pearson, Moje, & Greanleaf, 2010)
Expository text may provide the motivation to gain information, increasing interest in
reading as well as raise reading comprehension scores (Guthrie, Wigfield, Tongs,
Humenick, & Littles, 2007).
If STEM learning principles are to integrate technology, reach across
curriculum and content, relate to real-world problems, and have an inquiry or projectbased component (Han et al., 2014; Hansen & Gonzalez, 2014), much of the literature
reviewed indicates positive impact for students. In addition, those four STEM
principles can also address The Framework’s (2012) vision of STEM programming,
which includes
scientific and engineering practices, crosscutting concepts that unify the study
of science and engineering through their common application across fields,
and core ideas in four disciplinary areas: physical sciences; life sciences; earth
and space sciences; and engineering, technology, and applications of science
(NRC, 2012, p. 17).
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Magnet Schools
The Minneapolis School District is often credited with starting the magnet
school idea as an alternative idea to traditional enrollment. To address racial
segregation in the 1970s, Minneapolis offered choices to parents regarding what
school their child would attend. The choice schools all had different themes
(Waldrip, 2013). This idea of choice grew into the magnet school concept used
today, and magnet schools are continuing to evolve to address desegregation and the
achievement gap (Siegel-Hawley & Frankenberg, 2012).
Many magnet schools offer open enrollment across boundary lines and have
specific themes to attract students from a range of economic and racial backgrounds
(Blazer, 2012). More recently academic excellence at magnet schools has been
emphasized more than racial integration, although many magnet schools strive for
both and one does not preclude the other (Seigel-Hawley & Frankenberg, 2012).
Magnet schools are one form of parent choice for public school. Enrollment data
from the National Center of Education Statistics for the year 2014-15 show
approximately 1.2 million students are attending magnet schools and 1.4 million
attend charter schools (NCES, 2016). Minnesota has 165 charter schools and 78
magnet schools; both types are public schools, and most promote a theme or focus
(MDE, 2019). According to The Civil Rights Project, magnet schools are the largest
system of choice in the United States (Siegel-Hawley & Frankenberg, 2012). Magnet
schools work to bring diverse students together around a focused theme in hopes of
closing the achievement gap in a racially integrated setting.
Magnet school effectiveness has been measured with mixed results (Blazer,
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2012; Institute on Metropolitan Opportunity, 2013). Compounding the research on
magnet schools are the many variables found (Ballou et al., 2006). Some magnet
schools have academic requirements or parental volunteer requirements. Others use a
lottery system to fill spaces (Bifulco, Cobb, & Bell, 2009). Through the lottery
system, some schools save a predetermined number of seats for students outside the
school’s normal boundary zone. Other schools have no boundaries and fill all seats
through the lottery process.
Parental involvement and support have been correlated to children’s academic
success in schools (Hopson & Weldon, 2013). As some magnet schools require
completion of specific applications, parents who navigate through the magnet school
enrollment process may be more supportive and involved in schools they chose
(Goldring & Rowley, 2006; Hausman & Goldring, 2000). Academic or parent
requirements, filling of open seats, and the application process are some of the
variables that may be difficult to isolate in research on magnet schools.
Application to a specific magnet theme may be a result of student or parent
interest. If a student or parent is interested in the magnet theme, prior interest in those
topics may influence test scores and student success (Hausman & Goldring, 2000). A
study conducted by Ballou, Goldring and Lie (2006) of lottery-based magnet schools
used controls for multiple variables, including demographics and prior achievement
scores, and found no significant difference between magnet and non-magnet students’
test scores. Archbald and Kaplan (2004), using National Assessment of Educational
Progress (NAEP) scores in a nationwide sample of over 30,000 students, found
similar results. They concluded school choice redistributes students and scores but
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does not affect student achievement at the district-wide level with significantly
statistical differences (Archbald & Kaplan, 2004). Neither of those studies focused
on STEM magnet schools, instead grouping all magnet schools together for data
analysis. Many variables may impact magnet school enrollment and student
achievement.
Magnet schools have been used to address racial segregation and the
achievement gap in schools (Bifulco, Cobb & Bell, 2009; U.S. Department of
Education, 2008). Successful magnet schools in Minnesota are schools where racial
integration and whole school programs were implemented. Magnet schools with
stable levels of racial integration, meaning percentages of White students and students
of color were close to 50/50 and stayed similar over the years, outperformed magnet
schools that were predominantly students of color (Institute on Metropolitan
Opportunity, 2013).
Magnet schools that are successful have some common characteristics. A
successful magnet school has a clear and visible theme or mission, which is supported
by a rigorous and relevant curriculum and strong leadership (United States
Department of Education, 2008). Studies also support that magnet schools with racial
integration and racial balance have students of all races who demonstrate higher
levels of thinking within the school compared to those magnet schools who are more
racially homogeneous (Institute on Metropolitan Opportunity, 2013). In a review of
magnet school research, Blazer (2012) found magnet schools do attract a more
diverse population, have higher graduation rates, and students exhibit more positive
academic attitudes and behaviors than students in traditional schools.
90

STEM Education and Legislation
Former President George W. Bush signed off on a bipartisan legislation law
entitled the America Creating Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Science Act (America COMPETES Act of 2007, Pub. L.
110-69). The America COMPETES Act was created for the government to invest in
innovation through research and development, and to improve the competitiveness of
the United States (America COMPETES Act of 2007, Pub. L. 110-69). Thomas and
Williams (2010) identified three specific areas the America COMPETES Act focused
on to meet its stated objective: a) increase research investment, b) strengthen
educational opportunities in science, technology, engineering and mathematics from
elementary through graduate school, and c) develop an innovation infrastructure. This
legislation was reauthorized in 2010 and 2015 as the importance and emphasis of
STEM in education continued, adding language to support STEM education (America
COMPETES Reauthorization ACT of 2015, H.R. 1806: Sec. 202). With the concern
that STEM jobs will outnumber STEM degrees by 2018, this legislation to support
STEM education and programming was enacted to address this shortage (NSTC,
2013).
The five-year strategic plan by the Committee on STEM Education offered an
implementation roadmap for STEM education. Federal agencies and former
President Obama worked to advance STEM education by aligning key goals and
strategies and prioritizing pre-K–12 STEM Education (NSTC, 2013). Great concern
about the United States falling behind other countries in these areas was the impetus
for the five-year strategic plan commissioned to improve STEM education (NSTC,
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2013). President Obama identified STEM education as a priority for schools and
teacher education programs with the goal of increasing interest in STEM fields and
helping the United States produce leaders and innovators in the areas of science,
technology, engineering and mathematics (NSTC, 2013). In a study analyzing
content of STEM articles, most articles offered ideas on how to teach a STEM lesson,
not on the effectiveness of STEM education (Brown, 2012).
STEM Schools
Former presidents and previous legislation created an intense focus on STEM
education, calling for schools to better prepare students for careers in STEM fields.
In 2018, President Trump outlined a five-year vision for STEM education in the
United States, which included calling for increased partnerships between schools and
businesses, expanding STEM internships, and supporting recruitment, retention, and
preparation of STEM teachers (Klein, 2018). President Trump’s vision focused on
STEM as a path for employment, not as a vision for what occurs in the classroom
(Mervis, 2018). Because of the demand for STEM skills, many schools self-identify
as STEM focused. Three different types of STEM focused schools have been
identified: Selective STEM schools, Inclusive STEM schools and STEM Focused
Career and Technical Education (CTE) schools (NRC, 2011). The Selective STEM
School focuses on one or more of the STEM disciplines and has admission criteria.
Selective STEM schools are typically found at the high school level. The Inclusive
STEM School organizes around one of more of the STEM disciplines but has no
admission criteria. These schools are often working to include the underrepresented
population (URP), people of color and females, in the STEM fields with hopes of
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developing STEM competencies in all participants. Inclusive STEM Schools usually
include elementary, middle, and high school settings. The last type of STEM school,
STEM CTE, is a high school setting with a focus on keeping students in school by
exploring and providing practical applications of STEM subjects in occupational
education. There is limited research on the effectiveness of each type of school (NRC,
2011).
Many schools offer the subjects of science, technology, engineering and
mathematics in a traditional or comprehensive program even though there is not an
explicit or intentional focus on earlier stated STEM principles. For this research,
STEM focused schools match the description of Inclusive STEM schools. These
schools are organized around one or more of the STEM disciplines but have no
admission criteria and work to serve a broad population. Inclusive STEM schools are
built on the belief that competencies in mathematics and science can be developed
and students typically underrepresented in these fields need opportunities to develop
them. Entrance to these schools does not rely on prior academic achievements;
inclusive STEM schools work to engage students, providing all students the
opportunities to master STEM content and necessary skills (Young, House, Want,
Singleton & Klopfenstein, 2011).
In the publication Successful K-12 STEM Education (2011), The Committee
on Highly Successful Schools or Programs for K-12 STEM Education was unable to
create or identify a specific list of criteria for STEM schools due to the little research
available comparing STEM-focused schools to others. Descriptions of a STEMfocused school included increasing STEM literacy as defined as “the knowledge and
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understanding of scientific and mathematical concepts and processes required for
personal decisions making, participation in civic and cultural affairs, and economic
productivity for all students” (NRC, 2011, p. 5). STEM literacy included the
integration of scientific literacy, technology literacy, engineering literacy, and
mathematical literacy into a meta-discipline rather than four separate subjects
(Vasquez et al., 2013). While no specific checklist of criteria exists, the Committee
on Highly Successful Schools or Programs for K-12 STEM Education (2011) did
identify effective STEM instruction to include 1) instruction that builds on student
interest, engages them in STEM practices and sustains interest through experiences,
2) coherent standards, curriculum and outcomes, and 3) effective teacher practices
and strong leadership (NRC, 2011, pp. 25-26). In a study of STEM programs at
elementary, middle, and high school levels, interviews revealed themes common
across the schools. Through school visits and staff interviews commonalities
included 1) teachers committed and knowledgeable of content and scientific
processes, 2) enhancements to basic curriculum, 3) problem-based learning projects,
4) high expectations and differentiation for all students, 5) partnerships with
community businesses or industries, 6) integration across content areas in meaningful
and planned ways, 7) differing content area themes with common scientific practices
(Paulson, 2017). STEM focused schools should engage students in learning
experiences that connect STEM subjects to other content areas, require scientific
processes and practices, and provide intentional instruction related to standards.
Successful STEM schools have a clear mission and vision statement, strong
leadership to avoid stagnation, and a strong sense of community (Chiu et al., 2015).
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Two key aspects of practices found in successful STEM schools are instruction that
captures student interest and conditions that support STEM instruction (NRC, 2011).
In an analysis of successful STEM focused schools (not necessarily STEM magnet
schools), common characteristics were found. These characteristics and aspects are
similar to previously listed successful magnet schools’ attributes of a clear and visible
theme or mission with strong leadership and relevant curriculum (United States
Department of Education, 2008).
The Achievement Gap
The achievement gap between students of color and White students exists in
many educational settings. Despite scores improving for many students, the gap
between students of color and White students has remained similar since the 1990s
(Olszewski-Kubilius, Steenberg-Hu, Thomson, & Rosen, 2017). Schools and districts
continually seek ways to close the gap and increase achievement of all students.
Magnet schools seek to diversify schools, raise achievement, and close the gap
(Bifulco, Cobb & Bell, 2009). With the demand for skills in the STEM field, STEMfocused school programs work to increase interest in STEM by all students, including
students of color, who are often underrepresented (Dickerson, Eckhoff, Stewart,
Chappell & Hathcock, 2014). Inquiry, PBL, or integrated instructional approaches
have been used in some schools to reduce the gap and increase student achievement.
All three of those instructional approaches support the STEM principles of crosscurriculum or interdisciplinary instruction, relate to real-world learning, and are based
on project or inquiry-based learning (Han et al., 2014; Hansen & Gonzalez, 2014).
In an analysis of an Alabama elementary school and its standardized state test
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scores, inquiry-based learning resulted in a statistically significant, positive impact for
subgroups of students (Taylor & Bilbrey, 2012). This study compared achievement
test results of fifth graders for three years prior to the implementation of inquirybased learning in mathematics and science and for three years during the
implementation and use of inquiry-based instruction. Staff participated in training
and development on using inquiry approaches in K-5 classrooms.
While the total student population percentile rank did increase following
inquiry-based instruction, the increase was not considered statistically significant.
However, for some subgroups significant differences were found as measured on the
standardized test. In mathematics, females had statistically significant, positive gains
following inquiry-based mathematics instruction. Black students also had statistically
significant gains in mathematics following inquiry-based instruction. This was also
true for Black students on the science test. Science scores also revealed statistically
significant increased scores for males and students in poverty (Taylor & Bilbrey,
2012). While the Alabama school was not a magnet nor STEM-focused school
during the study period, it did become a school focused on mathematics, science, and
technology following the results of the study.
Marshall and Alston (2014) examined scores from the Measure of Academic
Progress (MAP) tests published by Northwest Evaluation Association (NWEA) to
measure student growth and proficiency in science following inquiry-based
instruction. This five-year study examined the relationship of gender and ethnicity in
relation to growth scores on science tests. Compared to the control group, all groups
showed significant growth on the MAP tests scores. All student groups that
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participated in inquiry-based instruction made gains in proficiency and the
achievement gap between sub-groups decreased. While not statistically significant,
the gap between African American and White students decreased by 3.5% and the
gap between Hispanic students and White students lessened by 4.2% (Marshall &
Alston, 2014). As all student groups made significant gains through inquiry-based
instruction compared to traditional instruction, the authors believed that the use of
inquiry based instruction, a key principle of STEM education, would lessen the
achievement gap over time (Marshall & Alston, 2014).
Raising the scores of lower achieving students, regardless of race or socioeconomic status, is the goal of many schools. Using problem-based learning (PBL)
significantly raised the mathematics scores of low achieving students on the Texas
Assessment of Knowledge and Skills (TAKS) at the high school level (Han et al.,
2015). In this study, students who were considered low-achievers, based on academic
performance, made significant growth in a PBL school compared to identified lowachievers at non-PBL schools. It should be noted students identified as high
achievers made similar growth at the PBL as at the non-PBL schools. Results of this
study support PBL or hands-on learning opportunities, which are both STEM
practices, may accelerate growth for struggling students.
STEM Magnet Schools
STEM focused programs may or may not be in a magnet school setting.
However, when a magnet school chooses its focus as STEM, the implication to
potential students is STEM education and principles are the guiding mission of the
school. In a study by Goldring and Rowley (2008), the greatest influence in parent
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choice of school was interpersonal networks, what people were saying about the
school, its curriculum, and its program. Test scores were not an influential factor of
parent choice (Goldring & Rowley, 2008). Schools that promoted themselves as
offering a specialized program had parents enrolling their children for the course
offerings and curriculum, expecting their child to receive what was marketed
(Hausman & Goldring, 2000). STEM magnet schools, promoting themselves as
STEM focused, should have an integrated, inquiry-based or problem-based
component according to STEM principles and definitions.
Professional Development to Support Instructional and Program Changes
Professional development is often required by districts and states and thought
to improve teacher instruction and student achievement (Kennedy, 2016).
Professional development for teachers increases teacher confidence and effectiveness
in instruction (Nadelson, Callahan, Pyke, Hay, Dance & Pfiester, 2013). Effective
professional development leads to increased student achievement when it is focused,
supported, and implemented deeply. This deep professional development allows
teachers to practice what was learned, assess its impact on student achievement, and
refine or improve teacher practices (Reeves, 2010).
Schools with successful implementation of school reform ideas mention
sustained and effective professional development as part of their plan. Effective
teachers positively impact student achievement (Johnson, Kahle, & Fargo, 2007) and
without supportive professional development teachers may not embrace or accept
new ideas, instead teaching in the way they were taught while in school (Nadelson et
al., 2013). As new techniques, practices or strategies are introduced and expected,
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professional development supports teachers as they abandon old practices or beliefs
(Kennedy, 2016). Many elementary teachers have had minimal preparation for
teaching STEM curriculum in the classroom and thus, little or no experience teaching
with inquiry or teaching authentic applications as used by scientists or engineers
(Nadelson et al., 2013). Horizon Research, Incorporated (2018) found that 43% of
elementary teachers reported having no professional development in the area of
science in the last three years. Twenty percent reported having less than six hours
and another 20% had six to 15 hours in the last three years. Teachers in schools with
high percentages of students of color or low achievement scores had significantly less
professional development in science than teachers in with high achieving students and
few students of color (Banilower, Smith, Malzahn, Plumley, Gordon, & Hayes,
2018).
There have been few studies measuring the relationship between professional
development of science teaching practices and the impact on student achievement in
science (Supovitz & Turner, 2000). With the ever-growing demand for raising test
scores in reading and mathematics, professional development in science is decreasing
(Johnson, 2009). Professional development is necessary to provide teachers with
context, content and competencies to implement STEM education in schools (Bybee,
2018). As teachers move to integrated or interdisciplinary instructional methods in
STEM, professional development is necessary as it alters teachers’ knowledge,
practices and student learning (Kennedy, 2016).
Positive correlations were found between professional development and the
increased use of inquiry-based teaching and investigative classroom culture (Supovitz
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& Turner, 2000). The authors gathered information through surveys and self-reports
from approximately 3,500 science teachers across the United States. Teachers who
participated in more than 80 hours of professional development for science
instruction practices reported significantly more use of inquiry-based teaching
practices and creating an investigative classroom culture. This change in instructional
style also reflected increased science content knowledge of teachers as they used
different practices with students. Positive correlations between increasing blocks of
professional development to change in instructional practices were found at the
statistically significant level. Teachers with 80 or more hours of professional
development used inquiry-based practices two-tenths of a standard deviation more
than teachers with the average number, identified in this study as 40 to 79 hours.
Also noted in this study was the level of principal support for using new reforms.
Support was defined as offering time, supplies, and opportunities for curriculum
planning and development to reinforce the professional development. In schools
where teachers reported principal support in using new practices, there was a
statistically significant difference in the amount of inquiry and investigations used.
This study found professional development, coupled with principal support, had a
direct positive relationship to teacher practices in the science classroom (Supovitz &
Turner, 2000).
Another study focused on hours of professional development in relation to
improving student scores in mathematics. This study involved 69 teachers of 3,817
students in grades four through eight and examined hours of professional
development and state test mathematics scores over a three-year period. All 69
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teachers had participated in professional development through the SMART (Science
and Mathematics Achievement Required for Tomorrow) consortium. Research was
completed because participating school superintendents asked for concrete significant
proof that the consortium work was making a difference in teacher behavior and
student achievement (Tabernik & Williams, 2010). Group A students were placed in
classrooms where teachers had more than 90 hours of professional development
through SMART. Group B students were in classrooms with teachers who had less
than 90 hours. Group A teachers had an average of 30 hours of mathematics
professional development outside of SMART and 123 hours of professional
development through SMART. Group B teachers averaged 13 hours in other
mathematical professional development and 17 hours through SMART. Student
scores from the state math assessment were used to quantify achievement growth
correlated to teacher participation in professional development.
Students in Group A whose teachers had more than 90 hours had significantly
higher passing rates than those in Group B (Tabernik & Williams, 2010). Also noted
were higher passing rates by students when teachers were certified in mathematics.
While there was a slight lessening of the gap based on gender and race, the narrowing
was not considered statistically significant (Tabernik & Williams, 2010). The
SMART professional development was focused on mathematics pedagogy and
content, not district specific goals. Students in Group A whose teachers had more
than 90 hours had significantly higher passing rates than those in Group B (Tabernik
& Williams, 2010). Professional development was found to have a positive impact
on mathematics test scores for students when the professional development was
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focused, deep, and frequent (Tabernik & Williams, 2010).
Teacher effectiveness and confidence in using inquiry in STEM curriculum
increased following professional development seminars (Nadelson et al., 2013). This
study used self-reported survey information in the areas of teacher confidence,
teacher efficacy, and teacher attitude towards engineering to gather data prior to and
following professional development. Elementary teacher preparation programs have
minimal STEM education experiences and teachers in this study self-reported lacking
confidence and knowledge to teach STEM subjects through integrated approaches
requiring inquiry, authentic application of skills, and active learning environments
(Nadelson et al., 2013). Professional development in this study was offered to
teachers from six elementary schools in a large diverse district. The schools were
selected based on principal reports of having a mathematics or science focus.
Professional development was offered for three days in the summer and throughout
the year through email and classroom observations over two years. Each year was a
new group of teachers; there was not two consecutive years of professional
development.
Correlational data supported that ongoing and supportive professional
development led to significant increases in the areas of teacher confidence, teacher
efficacy, and teacher attitude towards engineering. Some differences were noted
between year one and year two participants. After controlling for variables such as
age and years of experience, there was a significantly positive correlation between
professional development and teacher confidence and efficacy in teaching STEM
subjects. A significant correlation between attitudes towards engineering was found
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to be statistically significant for both sets of participants, indicating professional
development led to consistent and positive changes for the teachers (Nadelson et al.,
2013). While this study did not examine student scores to determine if professional
development increased student achievement, the authors did find professional
development changed teacher behavior, attitude, and skill in how science and
engineering practices were taught.
Increased professional development for elementary teachers’ Science Content
Knowledge (SCK) was found to have a positive impact on science achievement
scores for students (Diamond, Martin-Rivera, Rohrer, & Lee, 2014). In this clusterrandomized trial in an urban school district, fifth-grade teachers were assigned to
either a treatment or control group. Both control and treatment teachers used
curriculum that met state standards and covered the same topics.
The treatment group used an Inquiry Framework for curriculum, while the
control group used the district curriculum. The Inquiry Framework provided
processes that helped students learn to ask questions, develop their own
understanding, find answers, and share findings with others (Diamond et al., 2014).
The treatment teachers participated in focused professional development to increase
their SCK that allowed them to better support students’ inquiry-based learning
opportunities. The professional development for the treatment group was three days
in the summer and additional days in January and May. Other support included visits
to the treatment school for on-site professional development and planning. Teachers
in the treatment group had significant positive growth on their personal SCK. There
was also a significant effect on student science achievement scores compared to
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students of teachers in the control group (Diamond et al., 2014). Effective and
focused professional development was found to have a measurable effect on student
science growth in this study. Equipping the teacher with the content and the skills in
science led to higher student growth.
Integrated STEM education, explained as using engineering design to teach
science and mathematical content, was the focus of a three-week long summer
professional development program for upper elementary and middle-school teachers
in Minnesota (Guzey, Harwell, Moreno, Peralta, & Moore, 2016). Participating
teachers were taught how to implement integrated engineering design opportunities
into the existing curriculum and standards within their school context and subject
area. Observations of the participating teachers were made throughout the year to
record if strategies taught were being used to integrate STEM through the engineering
design process. Teachers used the strategies at varying levels with different success;
the more experienced teachers struggled to implement the integrated content (Guzey
et al., 2016). The more years a teacher had been teaching, the less integration of
content was done, resulting in less growth by students between pre- and post-tests on
engineering and mathematics.
The authors suggested experienced teachers need additional or different
professional development to better support changing instructional practices. This
professional development was offered again the next summer and the majority of the
year one teachers returned. While data for year-two participation was not included in
this study, the authors did suggest the need for further study of professional
development and the impact on teacher practices when integrating STEM processes
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in the classroom through the engineering process (Guzey et al., 2016).
Professional development that addresses both pedagogy and content helps
improve classroom-teaching skills and facilitate better student learning (Avery,
2013). According to Supovitz and Turner (2000), high quality professional
development for STEM instruction should include 1) immersion into inquiry,
questioning and experimentation, 2) be intensive and sustained, 3) engage teachers in
concrete teaching tasks and 4) focus on subject matter and deepen content knowledge.
In a qualitative case study of four teachers who participated in professional
development around STEM theories involving authentic problems and real-world
application, three themes around the value of professional development were found
(Avery, 2013). All four teachers had science or engineering careers before becoming
certified teachers. Case study data was gathered through interviews, teacher
documents, and classroom observations. The first theme was using the content in the
classroom. All teachers felt the professional development had a positive impact on
providing deeper learning experiences for their students. The second theme was the
challenges teachers felt when trying to implement what was learned. It was difficult
for teachers to restructure existing content and assessments to match the professional
development expectations; teachers expressed a need for more time and training to do
so. The benefit of integrating the professional development into the classroom was
the third theme. All teachers felt strongly that student motivation, engagement, and
learning were improved as well as students seeing the connections between
engineering, science and mathematics. While this study did not reveal the number of
hours teachers participated or student achievement scores, it did reveal how teachers
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used STEM focused professional development and the value it added to their
classroom teaching practices (Avery, 2013).
Focused and sustained professional development for teachers has been found
to lead to increased teacher effectiveness and increased teacher confidence (Nadelson
et al., 2016). When implemented effectively, professional development has led to
changes in instructional practices by teachers (Kennedy, 2016) and increased student
achievement (Johnson, Kahle, & Fargo, 2007). Professional development for
elementary teachers in using science and engineering practices provided teachers with
more authentic tools and approaches to use with students (Nadelson, et al., 2013).
Time to implement new practices and ongoing support of new instructional pedagogy
makes professional development an effective tool for teacher change and student
achievement (Reeves, 2010). Professional development that is relevant, providing
teachers with strategies and techniques, rather than activities, supports teachers as
they implement STEM education programs (Goodnough, Pelech, & Stordy, 2014).
School Leadership in Times of Change
School and district leaders are important supports as buildings work to change
existing practices, create new vison, and provide meaningful professional
development for teachers (Goodnough, Pelech, & Stordy, 2014). A literature review
to define successful school leadership identified four common skills 1) Building
vision and setting directions, 2) understanding and developing people, 3) redesigning
the organization, and 4) managing the teaching and learning program (Leithwood,
Harris, & Hopkins, 2008; 2020).
Being able to build a vision helps motivate, inspire, plan and organize
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objectives. When a leader could not do that, program change was hard to make in
one elementary school (Sikma & Osborne, 2014). In this study, district leaders
decided to convert three of its schools to magnet schools to address racial segregation.
The decisions were made without teacher or building leader input. While the
principal offered time for staff to look at and alter curriculum, the principal did not
create a clear vision for what the STEM program should be. Staff floundered with
what it meant to be a STEM school in regard to instruction, teacher practices, and
content. Teachers came together to work out a shared vision for STEM integration
and abandoned their earlier attempts at adjusting district purchased curriculum,
instead choosing to create their own aligned to standards. Although teachers initially
created the collaborative vision, it was supported by the principal and led to changes
in professional development and teacher practices. Teachers as leaders emerged in
this process and the school became collaborative as they worked together to achieve
their vision. Once the vision was articulated and shared, program changes followed.
Understanding and developing people is more than providing quality
professional development; it is also fostering dispositions and actions that move the
school towards its vision (Leithwood, Harris, & Hopkins, 2008; 2020). Building a
positive school culture is necessary when starting new initiatives in the school. In the
third and final year of study commissioned by the state department of education,
researchers examined how school leadership influenced effective implementation of
new initiatives (Hollingsworth, Olsen, Asikin-Garmager, & Winn, 2018).
The first two years of the study focused on implementation of new initiatives
in many schools. Using the data gathered, researchers focused on four principals
107

from different schools where implementation had been identified as successful. The
four principals chosen were recognized by the department of education and district
superintendents as being excellent and effective during the process of changing
initiatives and school programming. Data were gathered through observations,
interviews with staff, and interviews with principals. Staff interviews revealed a high
level of buy-in to the new initiatives with correlations to common leader behaviors
across the four schools. The leadership behaviors that promoted positive school
culture included cultivating trust, knowing staff through healthy interpersonal
relationships, and using explicit and purposeful communication (Hollingsworth,
Olsen, Asikin-Garmager, & Winn, 2018). Those three behaviors were consistently
used by the principals and helped the schools involved make effective change for
students.
Building collaboration between staff is a leadership skill that allows teachers
to share their skills and expertise with each other (Goddard, Miller, Larson, Goddard,
2010). As effective school leaders redesign their school programs or introduce new
initiatives, creating a collaborative environment helps plan relevant professional
development and raise student achievement (Sutton & Shouse, 2016).
In a five-year study of a high school implementing new programs and
strategies, key practices were identified that led to strong collaboration (Sutton &
Shouse, 2016). This school was moving from a traditional approach to a PBL
approach in hopes of raising student achievement, increasing student engagement,
and increasing enrollment into the public-school program. The key practices used by
the building leader that led to successful collaboration were developing a vision with
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the staff, not for the staff, providing time for staff to diagnose problems and suggest
solutions aligned with the vision, and redesigning professional development with a
focus on how students learn and how teachers teach. The collaboration between
teachers and between teachers and the principal allowed for shared leadership as
teachers became leaders. Their collaborative approach led to new practices that better
addressed student needs and levels of achievement (Sutton & Shouse, 2016).
Building leaders are responsible for managing the teaching and learning
program within their schools, including staffing the building with teachers who
strengthen the school (Leithwood, Harris, & Hopkins, 2008; 2020). Successful
leaders know the importance of getting the right people into their organization so the
vision can be achieved (Collins, 2005). A shared leadership approach increases the
level of support from staff. Staff feel more ownership in the program and work
towards school improvement, not just personal classroom improvement (Wilhelm,
2013). Using a shared leadership approach builds teachers’ capacities to lead other
staff in new strategies that align with the shared vision.
Summary
The need for STEM education grew out of a series of historical world events,
a progression of science and mathematics standards, ever-increasing technology, and
demand for an increase in skilled employees in the workforce. Practices suggested by
The Framework (NRC, 2012) support science education where students ask
questions, apply learned content, and explore solutions; they are involved in realworld problems that require the integration of many skills as they act and think like
scientists and engineers. Settings where STEM education principles were studied
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often found positive correlations between student learning and implemented
instructional and pedagogy changes (Cotabish et al., 2013; Han et al., 2015; Hansen
& Gonzalez, 2015; Marshall & Alston, 2014).
Common to many of those studies was the use of integrated content across
two or more disciplines, authentic or real-world tasks and problems to solve, the use
or application of technology tools for learning, and focused and sustained
professional development to support teachers (Han et al., 2015; Harris et al., 2015;
Sias et al., 2017; Vitale & Romance, 2011). Effective STEM programs offered
hands-on opportunities to engage students and created a purpose for students to learn
content and complete tasks, allowing students to use the same practices and processes
as scientists and engineers and building on a child’s natural curiosity. While a
demand for STEM skilled workers may support more STEM programming, quality
STEM education in schools works to develop students to be critical thinkers and
problem solvers in the classroom and in daily life (AAAS, 2013; NRC, 2011; NRC,
2012; Roehrig, et al., 2012).
Relevant and meaningful professional development provided teachers
opportunities to learn and use new instructional strategies (Nadelson, Callahan, Pyke,
Hay, Dance & Pfiester, 2013; Reeves, 2010). As teachers learn new skills to teach
STEM-focused lessons, they must be equipped with skills to do so (Bybee, 2018).
Sustained professional development that focused on using hands-on or inquiry-based
science practices increased a teacher’s efficacy with teaching those skills, which
positively impacted student achievement (Diamond, Martin-Rivera, Rohrer, & Lee,
2014; Nadelson, Callahan, Pyke, Hay, Dance & Pfiester, 2013; Supovitz & Turner,
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2000). Similar findings existed for mathematics and engineering; the more
professional development and experience a teacher had with concepts, strategies, and
new practices the better prepared they were to implement new learning experiences
for their students (Guzey, Harwell, Moreno, Peralta, & Moore, 2016; Tabernik &
Williams, 2010). Professional development opportunities implemented with purpose,
coupled with ongoing support, leads to changes in teacher practices and increased
student achievement (Kennedy, 2016; Johnson, Kahle, & Fargo, 2007).
Strong and effective leadership skills are required when leading a school
through change (Leithwood, Harris,& Hopkins, 2008, 2020; Sutton & Shouse, 2016).
These skills included collaborating with teachers around a shared vision, staffing the
school with the right people (Collins, 2005), and planning professional development
that is meaningful and relevant (Goodnough et al., 2014; Sutton & Shouse, 2016).
Effective leaders communicated clearly and worked to develop teachers as leaders as
they made changes in school programming (Hollingsworth, Olsen, Asikin-Garmager,
& Winn, 2018; Wilhelm, 2013).
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Chapter Three: Methodology
Philosophy and Justification
This study tells the story of how two elementary schools moved from a
traditional elementary school model to being STEM magnet schools. This mixedmethods study was pragmatic, it focused on teacher practices, student engagement,
professional development, and processes elementary STEM magnets used as they
made this transition. The mixed methods approach allowed the researcher to collect,
analyze, and interpret data to answer a research question first through statistical
analysis and then followed up with interviews to reveal more detail and
comprehensive information (Creswell, 2014; Mahmood, 2013).
For the purpose of this study, a comparative case study was conducted
between two elementary STEM magnet schools. The scores from the Measuring
Science Instructional Practices (SIPS) tool were analyzed to determine common
practices as self-reported by teachers. The narrative inquiry was used to tell the
stories of teachers, administrators, and staff who are, or were, part of this systemic
shift in teaching and learning.
The two STEM schools selected are promoted as STEM magnet schools in
suburban areas of Minnesota. The two schools selected are from two different school
districts that belong to the MSC. Each district’s website, the MSC website, and
mailed publications market these schools as STEM focused magnet schools. Their
journeys to becoming a STEM magnet school was shared in light of changes in
instructional practice, professional development, student engagement, and academic
growth and achievement as reported on state assessments and as perceived by
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teachers and administrators. Achievement scores on the Minnesota Comprehensive
Assessment (MCA) were examined and compared to demographically similar schools
within each district as well as district and state averages. The data used were publicly
available on the Department of Education’s website.
With the emphasis on STEM education and the demand for STEM skilled
professionals, finding information on how schools have successfully become STEM
based revealed information and examples for other schools. The SIPS survey
revealed the frequency of science and engineering practices used that align with
NGSS (Hayes, et al., 206). Through the interviews, the voices of the teachers and
administration involved in the transition and implementation were heard. The
qualitative portion of this research allowed for the participants to tell their own story
of the journey, including successes, failures, joys, and frustrations.
Achievement scores were analyzed to reveal if statistically significant
differences were found between students at a STEM-based elementary school and a
traditional elementary school. These analyses were done to quantify any difference
that might exist. Comparing demographically similar schools within each district
allowed for some control of variables in regard to length of school year, hours of
professional development, and district mandates. Raising student achievement is a
goal of many schools and results on state assessments are one piece of evidence that
may be used to determine the impact of a school’s programming. In this research,
public data from state assessment results were used to determine if STEM-based
programming made a positive impact on students’ MCA scores.
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Research Design Strategy
This study used a mixed methods approach to interpret the collected
information. Quantitative analyses were done on teacher survey responses and MCA
academic achievement scores of fifth graders. Teachers’ perceptions of how often
they use NGSS instructional practices as identified in the three spheres of activities
from The Framework: 1) Investigating 2) Evaluating, and 3) Developing
Explanations and Solutions (NRC, 2012) were collected through an online survey.
Surveys can be used to quantify descriptive behaviors (Muijs, 2011). The survey was
used to identify and quantify common teacher practices or behaviors used in STEM
schools. Quantitative analyses of MCA scores from each STEM magnet school and
its matched traditional school were completed to determine the significance of STEM
programming in mathematics and science. Reading scores were also analyzed to
determine if integrated instruction impacted performance in that subject area.
Quantitative research gathers data to be presented through statistical analysis (Patten,
2014).
Qualitative research is often used to understand behavior and thoughts from
the participants’ point of view (Bogdan & Biklen, 2007). Interviews uncovered
teachers’ and administrators’ perceptions regarding the journey to becoming STEM
magnet schools. The qualitative research allowed the story to unfold as told by the
participants when interviewed by the researcher. This inductive approach allowed the
researcher to analyze information and build on what was collected rather than prove
or disprove hypotheses (Bogdan & Biklen, 2007).
This study employed a case study approach of two schools as they transitioned
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to and became STEM magnet schools. As this study involved only two schools from
different districts, it was considered a dual-site case study. These sites were chosen
for this study due to the similarities in why they became STEM magnets, the length of
time they have been STEM magnets, and how they are promoted as STEM magnets
on the MSC site. In addition, both schools selected have more than 50% of their
population as students of color and more than 30% students qualifying for
Free/Reduced Price Lunch. The case study approach allowed for description of the
multiple variables from the participants that impact implementation of STEM
programming at the elementary level.
Narrative inquiry and narrative analysis were used within the dual-site case
study approach. Narrative inquiry allowed the researcher to understand and inquire
into the experiences, thoughts, and feelings of the participants; it is “situated in
relationships and in community…” (Clandinin, 2016, p. 13). Narrative inquiry
required collaboration between the researcher and participants as the researcher
observed, listened, and retold the experiences of the participants and explored
connections to the narratives of other individuals. In this study, the researcher has
been involved with one of the STEM schools since it began. Narrative researchers
often participate and share many experiences with the participants (Clandinin, 2016).
Narrative analysis includes examination of interview transcripts, review of
written records such as historical descriptions or lesson plans as well as the structure
of the written record (Merriam, 2009). Narrative researchers describe the setting or
context where the participant experiences the event (Creswell, 2014). The
combination of narrative inquiry and narrative analysis within the duo-site case study
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approach allowed for the stories of each school’s journey to be told, allowing detailed
description of the participants’ perceptions of the STEM school process.
Conceptual Framework
The primary intent of this mixed-methods study was to hear the story of how
teaching practices are used in STEM-focused schools and the impact on student
achievement. The quantitative portion classified and quantified teacher practices as
self-reported by teachers. The qualitative portion allowed teachers to expand or
explain what those practices look like in their classroom but centered more on the
journey, development, and sustaining of a STEM-focused school, the results they
observe, and key pieces to implementation. Convergent design (figure 1) allowed the
researcher to complete each portion independent of the other and then combine,
compare, or contrast the quantitative and qualitative results, but one was not
dependent on the other (Creswell & Plano Clark, 2018).
Mixed-method designs may prioritize one method over the other if one more
thoroughly addresses the research questions (Creswell & Plano Clark, 2017). While
the quantitative gave a statistical analysis of teacher practices and student
achievement scores, the qualitative portion provided the story of how two schools
transitioned to and have maintained as STEM-focused schools.

116

Figure 1. Convergent Design Procedural Flowchart (adapted from Creswell & Plano

STEP FOUR

STEP THREE

STEP TWO

STEP ONE

Clark, 2018).

Quantitative Strand
• Distribute Measuring
Science Instructional
Practices Survey to all
classroom teachers and
STEM related staff.
• Collect data

and

Quantitative Strand
• Analyze data to
determine science
education practices used.

and

Qualitative Strand
• Invite all classroom
teachers, principals, and
all STEM related staff to
participate in interviews.
• Collect data

Qualitative Strand
• Analyze data to
determine themes,
commonalities, and
differences between
schools and/or
respondents

Merge results of quantitative and qualitative strands:
• Identify content in both sets of data
• Use qualitative to reinforce or explain survey results
• Look for commonalities or differences between schools
• Look for commonalities or differences between staff within each school

Interpret the merged results
• Summarize the results of each strand
• Explain how the results relate to each other or lead to deeper
understanding of data found
• Include recommendations for further research

Figure 1. Process used to gather, interpret, and synthesize data gathered during
research.
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Research Questions
With the increasing demand for STEM skills in the United States, schools are
moving to include more STEM subjects (National Research Council, 2011). With
this recent emphasis on STEM education, finding answers to how successful STEM
schools transitioned and implemented STEM principles was examined. In addition,
the researcher used available public data from the department of education website to
measure academic achievement scores of students. Information gathered answered
these five research questions.
RQ 1: What instructional practices are used by teachers in STEM magnet schools?
How do teachers describe their practices?
RQ1a: Is there a significant difference between Discover Elementary and Wonder
Elementary in the frequency or use of the science and engineering practices at each
school?
RQ 2: How are students from a STEM magnet school performing in mathematics and
science on state assessments compared to a traditional school of similar demographics
(race and socio-economic status) within the same school district?
RQ 3: To what extent was district and building leadership involved in the transition
to and implementation of STEM practices in the magnet school?
RQ 4: What changes in professional development have occurred in elementary
schools that have transitioned to elementary STEM magnet schools?
RQ 5: How has student engagement changed since the implementation of STEM
practices?
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Hypotheses
Research question one was answered through interviews and survey results.
Results and comparison of teacher practices between the two magnet schools were
analyzed to fail to reject the null hypotheses:
H1A0: There is no significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1AA: There is a significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1B0: There is no significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
H1BA: There is a significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
The hypotheses for research question two were many as data to determine
support of each was analyzed according to different groups of students. Research
question two asked, “How are students from a STEM magnet school performing in
mathematics and science on state assessments compared to a traditional school of
similar demographics (race and socio-economic status) within the same school
district?”
Hypotheses used were identified with capital letter correlated to the subject
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area. Mathematics hypotheses were marked with am “M,” science with an “S,” and
reading with an “R.” Multiple hypotheses for each subject area were written to
address the ways in which data was analyzed. Each academic area has four pairs of
hypotheses as data was examined by all students, racial and FRPL status between
each pair of matched schools.
H2MA0: There is no significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
H2MAa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
H2MB0: There is no significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
H2MBa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
H2MC0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MCa: There is a significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MD0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
H2MDa: There is a significant difference between the MCA mathematics
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scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
H2SA0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SAa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SB0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SBa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SC0: There is no significant difference between the MCA science scores
for fifth graders at Wonder Elementary and Andrews Elementary.
H2SCa: There is a significant difference between the MCA science scores for
fifth graders at Wonder Elementary and Andrews Elementary.
H2SD0: There is no significant difference between the MCA science scores of
fifth graders at Wonder and Andrews when examined by race or FRPL categories.
H2SDa: There is a significant difference between the MCA science scores
fifth graders at Wonder and Andrews when examined by race or FRPL categories.
Variables
On the survey portion of this research that examined the science and
engineering practices (SEP) used in the classroom, the two STEM-based schools were
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the variables compared. Discover Elementary promotes itself as science focused
while Wonder Elementary identifies as an engineer-focused school. This Likert style
survey was used to identify the frequency of SEP self-reported by teachers.
The analyses of MCA data compared the STEM-based schools to
demographically similar traditional schools within each district. By comparing
STEM-based Discover Elementary to traditional-based Edison Elementary within
District A, there was an attempt to control variables such as length of school year,
number of district required professional development hours, district mission
statement, adherence to district department mandates, curriculum, and district
behavioral guidelines. According to websites and marketing material, the difference
between the schools is how subject areas are taught and the integrated subject
approach at Discover Elementary. Comparing Wonder Elementary to Andrews
Elementary within District B also allowed for control of those same variables,
allowing the researcher to compare results between an engineering-focused STEM
school to a traditional elementary school.
Objectives
The primary goal of this study was to find commonalities of processes used as
traditional elementary schools transitioned to STEM magnet schools and the impact
on student achievement. The descriptions and details provide a blueprint for other
schools that are considering an instructional programming change. As the demand
for STEM education and STEM careers continues to grow, teacher perceptions about
implementation of STEM teaching and learning principles provide insight to school
leaders to help determine if the effort to change is viewed as valuable or substantial to
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student growth.
Instrumentation, Measures, and Protocols
Every licensed classroom teacher at each of the selected buildings was sent
the Science Instructional Practice Survey (SIPS) (Hayes et al., 2016). This survey
was created to identify and align instructional practices with NGSS. While
Minnesota has not yet adopted NGSS, the 2010 Minnesota Science Standards did
focus on practices and processes and was one of the lead states in the development of
NGSS (MDE, 2016). National Science Education Standards (NRC, 1996) and
Taking Science to School: Learning and Teaching Science in Grades K-8 (NRS,
2007) were resources used in the writing of the 2010 state science standards.
Minnesota was in the process of reviewing and rewriting state science standards,
publishing its first draft of the standards in November 2018. New state science
standards were introduced at the start of the 2019 school year, with 2019-20 as a year
for schools to plan for the changes. Full implementation of the new standards is
recommended to begin in the 2023-24 school year (MDE, 2019). The Framework
(NRC, 2012) was an additional resource used in the writing of the 2019 science
standards (MDE, 2018). As both sets of standards reflect practices and processes
found in NGSS, the SIPS tool was used to find if commonalities in teacher practices
at each of the schools existed.
The SIPS tool is a survey tool of 31 statements requiring teachers to rate
students’ science behaviors and their own classroom practices in relation to science
instruction on a scale of one to five. A score of one indicates the behavior or practice
never occurs and five indicates daily or almost daily. Numbers two, three, and four
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are descriptors for the range of behaviors between never and almost daily.
Confirmatory Factor Analysis (CFA) determined validity and reliability of the SIPS
tool with reported Cronbach’s alpha scores indicating internal consistency (Hayes et
al., 2016.)
Table 1
SIPS Six Main Factors of Science Instruction and Cronbach’s Alpha Scores
Cronbach’s a
.82
.87

Instigating an Investigation
Data Collection and Analysis
Critique, Explanation and
Argumentation
Modeling
Traditional Instruction
Prior Knowledge

.88
.83
.80
.84

Note. Permission to use this survey was obtained on November 30, 2016Hayes, K.N., Lee, C.S., DiStefano, R., O’Connor,
D., & Seitz, J.C. (2016). Measuring science instructional practice: A survey tool for the age of NGSS. Journal of Science
Teacher Education, 27(2), 137-164.

This survey was completed anonymously but did ask for basic demographic
information including position (classroom teacher or specialist), years of experience
teaching, and years of teaching at the STEM magnet school. The years of experience
and years at the magnet were answered in terms of a range of years to offer some
level of anonymity for the participants. Other additional questions included hours of
professional development each year devoted to STEM and level of support offered by
building leaders and district leaders.
Scores were entered into spreadsheet formulas to determine mean scores for
six of the seven factors as identified on the SIPS. Four of the seven factors identified
align with NGSS practices and were grouped according to the SIPS scoring guide to
determine the average of each set of items. A CFA was not conducted on the seventh
124

factor due to the overlap of the practices into other areas (Hayes, 2016). Since there
was no validation of the seventh factor, those scores were not quantitatively analyzed;
information gained was used to shape interview questions regarding teacher practices.
A two-sample t-test was conducted to test if a statistical difference existed between
the means of Discover Elementary and Wonder Elementary. The seven factors and
corresponding NGSS Science Education Practices are listed in Table 2.
Table 2
SIPS Factors and Corresponding NGSS Science Education Practices
Factor
1. Instigating an Investigation

NGSS SE Practice

1. Questioning
3. Planning and Carrying Out an Investigation

2. Data Collection and Analysis

3. Planning and Carrying Out an Investigation
4. Analyzing and Interpreting Data
5. Using Mathematical and Computational
Thinking

3. Critique, Argumentation, and
Explanations

6. Constructing Explanations
7. Engaging in Argument from Evidence

4. Modeling

2. Developing and Using Models

5. Traditional Instruction
6. Prior Knowledge
7. Science Discourse and
Communication
(For consideration – items were not
included in the final survey)

8. Obtaining, Communicating, and Evaluating
Information

Note. Hayes, K.N., Lee, C.S., DiStefano, R., O’Connor, D., & Seitz, J.C. (2016). Measuring science instructional practice: A survey tool for
the age of NGSS. Journal of Science Teacher Education, 27(2), 137-164.

The SIPS data was used to frame and categorize instructional practices at each
school, which helped refine the interview questions found in Appendix A. Interview
questions focused on the transition from a traditional elementary school to a magnet
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school. The researcher attempted to balance the teacher interviews at the two selected
schools between primary and intermediate teachers, and experienced (more than 10
years teaching) and newer teachers. Minnesota has only 4% teachers of color
(Lonetree, 2017). No teachers of different races and cultures were interviewed as
neither school had classroom teachers in this category. Some teachers had experience
with both the transition and implementation process while newer teachers spoke only
to the implementation of STEM instructional practices in the classroom and recent
professional development.
Interviews with Curriculum Coordinators and current principals were
conducted to learn of the processes followed to becoming a STEM school. One
previous school principal was interviewed as she was at the magnet school during the
period of transition from traditional to STEM programming. All participation was
voluntary. Including a variety of staff with differing years of experience provided
information from multiple perspectives on professional development, student
engagement, and programming or practices at two STEM magnet schools.
Qualitative research is emergent, and questions may change as information is
gathered (Creswell, 2014). Sustained professional development has been necessary
when schools are changing instructional approaches or implementing new
programming (Marshall & Alston, 2014; Sikma & Osborne, 2014; Varma, 2014).
Collaboration and understanding the STEM theme or vision at each school connects
to practices expected of teachers (Slavit, Nelson & Lesseig, 2016). Initial interview
questions used were based on literature reviews and previous studies that indicate
inquiry, PBL, and integrated instruction are instrumental in increasing science scores,
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science interest, and student engagement (Cotabish et al., 2013; Han, et al., 2015;
Hanson & Gonzalez, 2014; Sias et al., 2016). Results from the SIPS tool was used to
triangulate data about practices in the classroom, particularly in relation to instigating
investigations through the use of questions, a key piece of inquiry and PBL. Asking
questions around practices and connection of self-described practices to the mission
or value statement promoted by the school revealed if instructional approaches have
changed and the role, if any, professional development had on the transition.
The quantitative analysis of the MCA scores was done using a Chi-squared
test to compare proportions in two independent samples (Campbell, 2007). Publicly
available data on the Department of Education website provided percentages of
students identified as proficient in relation to the total number tested which resulted in
finding a p-score for each academic area. The Chi-squared test provided p-scores to
determine if integrated STEM-based programming made a statistically significance
difference on the mathematics, science, and reading scores of fifth grade students.
Field Test
There are many STEM schools in Minnesota; some are magnet schools, some
are private schools, some are charter, and some are STEM-focused public schools
with traditional attendance areas. The Measuring Science Instructional Practice
Survey (SIPS) and the interview questions were field tested in a site not included in
the actual research. While the SIPS tool has validity and reliability scores, it was
field tested to obtain feedback and for practice in scoring and using information for
questions. Interview questions were also field tested to obtain feedback on clarity of
questions, determine amount of time needed for each interview, and to compare
127

interview responses to survey responses.
Interviews in this STEM school were conducted with a classroom teacher, a
STEM specialist, and the principal and provided feedback on the questions and the
survey. This enabled the researcher to practice coding the information and determine
if developed questions provide the information the research seeks. With the
participants’ permission, these interviews were recorded, allowing the researcher to
analyze and improve questions asked (Merriam, 2009).
This private school began its STEM journey in 2013 and marketed itself
through social media as being STEM-based, highlighting its STEM curriculum and
STEM trained teachers. Its initial year was spent visiting STEM schools, reviewing
curriculum, and experimenting with integrated instruction. The summer after that
year of exploration, all K-8 staff, including specialists in music, physical education,
and art, were required to earn their STEM certificate from a local university. The
STEM teacher was hired that first summer and participated in all STEM certificate
courses. In 2014-15, STEM education approaches were consistently implemented as
new curriculum was introduced and programming changes began. The school
continues to devote some of its professional development time each year to STEM
training.
The SIPS (Hayes, 2016) was sent to the five elementary classroom teachers
and the K-8 STEM teacher at this private school. Five of the six teachers completed
the survey. The survey was distributed and scored through Qualtrics, which
estimated the time required for survey completion would be seven minutes; the
researcher estimated eight to ten minutes in the introduction. Data from the
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completed survey indicate teacher completion took less than six minutes for four of
the teachers and 15 minutes for one of the teachers.
The survey revealed commonalities between the teachers but also provided the
need for questions to better reveal details in classroom practices. The surveys were
completed anonymously, and data grouped according to teacher experience. Two of
the classroom teachers were in their first year of teaching at this STEM school; one
was a first-year teacher and the other was in her second year of teaching but in her
first year at this school. The other three teachers have taught more than 16 years.
Two were at the STEM school before the transition and the third, the STEM teacher,
joined the staff the first year of implementation, after the year of exploration.
Raw data from the SIPS suggested teachers with 0–5 years of experience
perceived themselves as having their students critique, argue, explain and use models
more often than teachers with 16 or more years of experience. Sample size of the
survey was not large enough to run statistical analysis of the data to determine if it
was a significant difference.
In addition to the 31 Likert-style statements on the survey, there were
questions by the researcher to obtain descriptions and amount of STEM related
professional development offered. Other added questions included the amount of
support felt by administration, district office, district curriculum department, parents,
and fellow staff members. At this private school there is no district office or
curriculum department, so all participants chose “Not Applicable”. One teacher, with
more than 16 years of experience, felt parents were somewhat supportive; the other
four teachers described parents as very supportive. All rated the administration as
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very supportive of their STEM programming. Hours of professional development
differed greatly among the participating teachers so further exploration of what
professional development is or looks like was necessary during the interviews.
All teachers who received the survey were offered the opportunity to
participate in follow-up interviews. Two teachers agreed. One was a first-year
classroom teacher and the other was the STEM specialist who teaches grades K-8.
Field-testing the interview questions provided feedback regarding the length of time
needed for interviews, the clarity of questions, and the connection between interviews
and survey data. Interviews were recorded and transcribed to allow the research to
better analyze questions and questioning technique. Both participants gave approval
to be recorded. It was estimated the interviews would take 30–40 minutes. The firstyear teacher’s interview lasted approximately 17 minutes and the STEM teacher’s
interview was approximately 35 minutes, supporting the estimation was accurate.
During the classroom teacher’s interview, questions revealed her
interpretation of integration focused solely on the use of technology tools in
instruction. When asked about STEM integration, she responded, “I think it’s using
technology in all subject areas.” She cited using the Smart Board daily, programming
robots, and using I-Pads and computers for practice of skills. Probing was done to
explore other ideas of subject integration and she readily admitted she has not done
that in her classroom. She did discuss STEM learning as a stand-alone subject taught
by the STEM specialist. This school had purchased a STEM curriculum with a series
of modules that students progressed through to understand STEM subjects. She was
not able to elaborate on this curriculum, as she is not present when it is being used.
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“I'm not entirely sure what she does with them,” this teacher shared. She and the
first-grade teacher combine students for STEM and science, so half of her class and
half of first grade go to the STEM teacher and the rest participate in Engineering is
Elementary lessons co-taught by the first and second grade teacher on an every-other
day cycle.
There is no collaboration between the elementary classroom teachers and the
STEM specialist. The survey had indicated new teachers were using models more
frequently; responses were sometimes (once or twice a month) and often (once or
twice a week). Questions were asked about the use of models in the classroom. Her
responses implied she was using models less than reported on the survey.
Interpretations of the use of models included pictures of molecules for her students to
look at and having students act out being a molecule of either water or gas. No other
examples of students using physical or conceptual models could be provided. She did
express a need for more professional development in the area of STEM but could not
elaborate on what that might be. With no previous teaching experience, she was
unaware if being a STEM school made a difference in student engagement and
learning. The survey questions during this portion of the field test revealed this
teacher’s interpretation of STEM was extremely limited and focused on technology,
and not inclusive of subject integration.
The second interview was with the STEM teacher. She oversees the
purchased STEM curriculum, SmartLab by Creative Learning Systems, and the
progression through the modules for all students. She has taught for more than 16
years and was at a traditional private school before being hired for the STEM
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specialist position at this private school. This interview was twice as long as the firstyear teacher indicating more time may be required with teachers who have more
experience and can compare STEM and non-STEM schools. Because this is a K-8
school, she wanted to discuss middle school STEM programming more than
elementary so redirection to elementary students was often necessary. The STEM
class is not graded in the elementary years but is in the middle school years, so
completion and assessment of modules was expressed as being more important with
the middle school students. She also described STEM as a stand-alone subject. The
purchased computer-based curriculum covers STEM as students progress through the
modules in pairs. The curriculum does have engineering challenges, requiring
students to build and test structures. The elementary component was described as
two-thirds on the computer and one-third hands-on. Students still participated in
stand-alone math and science courses with their classroom teachers.
During the interview, questions were modified based on answers given.
Probing and clarification was needed. When asked about students using and
interpreting data, the teacher explained how teachers use student data to plan
instruction. Upon examination of the question asked it read, “If we focus on
elementary, do they do much data collection with you or analyzing data with you?”
The question was interpreted as elementary staff, not elementary students. This
question was rephrased to include asking if elementary students collect and analyze
data during the STEM lesson. She was not sure how often students would do this or
if it was required. If it were part of the StemLab curriculum then students would do
it. Her response implied that data collection and analyses would be done with the
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homeroom teachers in either math or science, but not in the STEM lab.
Professional development questions revealed how this school began the
process of transitioning to a STEM focus. Not only did it include the STEM
certificate from the local university, but also staff meetings and professional
development by the principal and a math content specialist. Curriculum selected after
the transition included a hands-on, inquiry-based science program and Engineering is
Elementary curriculum. The STEM specialist reported she does not collaborate with
teachers or help with integration of subject matter; she is responsible for the STEM
lab curriculum. She spoke highly of the professional development offered in the
beginning but expressed concern that staff hired after the first year have not had the
in-depth professional development as the original staff. She feels there is a need to
again have deep professional development for all staff. The questions revealed the
high level of involvement the principal had in the beginning of the STEM program
and his continued support for STEM as they keep building their program. The firstyear teacher also spoke about the need for more professional development so she
could better understand how to plan and implement more STEM learning
opportunities for her students.
Student engagement questions connected to professional development as the
interview segued to differences in student behavior and engagement. The responses
about student behavior and engagement from the first-year teacher were limited. She
has not had prior teaching experience from which she could compare. The first-year
teacher felt that student engagement in her lessons was high but could not elaborate or
connect it to STEM programming, her questioning, or professional development
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experiences.
The STEM specialist could compare and contrast students in traditional
settings to her current STEM setting. She knew from the professional development
work that the classroom would look and sound different, but she was not prepared for
how different. She realized there would be more student-to-student conversation,
group work, and collaboration with STEM activities but admitted it has been hard for
her to adjust from being the expert, “preaching to them” as she did in her former
school to being the facilitator in the learning at this STEM school. Despite this
continued struggle, she reported students are much more engaged in the learning and
problem-solving process. She hears them say things like, “failure is my first
attempt,” “that was just my first try,” and “that didn’t work, so now I’ll…” when
faced with engineering challenges in the STEM lab. According to her, that was not
the feeling or tone in previous settings where failure was felt as shame and a right
answer was always the goal. She credited the professional development with helping
her learn how to ask questions that are inquiry-based so students do the discovering,
creating, and problem solving rather than seeking one right answer. “Teachers have
to learn to be vulnerable, to allow themselves to know they may not know the
direction the students will be going or how far students will take it,” was one
description of teacher behavior when describing instruction related to student
engagement.
The interview questions and responses were recorded, transcribed, and
uploaded into MaxQda for coding purposes. The application used for the recording
and transcription also identified key words and provided a search option for phrases
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or words. One area of change made was to clarify student or staff behavior when
asking questions. As answers were given, questions were altered to guide the
conversation back to student behavior, or staff, depending on the intent of the
question. Responses were coded into the following broad areas: Curriculum
Integration, Professional Development, NGSS Knowledge and Practices, and
Descriptions of Student Learning. Phrases were coded into those broad areas until
patterns were established to determine different themes within each of the categories.
Under Curriculum Integration, descriptions of STEM learning activities and
teacher collaboration were placed. Although STEM was described as a stand-alone
subject, both teachers expressed the desire for more integrated learning for students
and the need for teacher collaboration to make that occur.
Building leadership, teacher practices, and future needs were included under
professional development. Interviewed staff highlighted the importance of the
building principal in leading the school with understanding STEM programming and
providing necessary staff development. Open-ended descriptions at the end of the
survey also found building leadership played an important role in professional
development opportunities. Four of the five teachers surveyed indicated that
principal leadership impacted professional development courses and learning. One
did not provide any information on staff development opportunities. There was a
wide range of answers as to how much time in a year is devoted to professional
development on STEM teaching and learning. One teacher indicated 0–10 hours a
year, two teachers indicated 11–20 hours each year, another listed 21–30 hours, and
the remaining teacher listed more than 41 hours a year. The prompt was “Estimate
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how many hours each year are devoted to professional development focused on your
STEM program, STEM curriculum, or STEM goals.” Through the interviews it was
revealed some staff participated in professional development on their own time and at
their own expense; it was not school-wide or all staff-focused. Teachers with fewer
than five years described teacher field trips to the arboretum and local aquariums.
Teachers who were there at the start of the STEM programming described STEM
certification courses, reading, internet research and one wrote of earning an
Engineering for Educators Certificate through a local university and attending STEM
and technology conferences during the summer on her own time. This question will
be rewritten to specify school-wide professional development for all teachers, with an
open-ended question about personal choices for professional development as it relates
to STEM education.
The interview with the principal was conducted after the field test interview
with staff. This exchange lasted about 30 minutes and allowed the researcher to seek
clarification and the principal’s perspective on STEM programming. In addition, the
principal provided written comments via email to the researcher as follow-up. The
transition to STEM programming at this private school was done to increase
enrollment. That has occurred, supporting the principal’s belief that parents want
STEM education for their children. Even so, he recognized that their STEM
programming is not as integrated as he would like and continues to strive for deeper
subject integration, noting that the responsibility for STEM falls mostly on the STEM
integration specialist. Interviews with the teachers reinforce the need he identified.
He also saw students as still being passive learners rather than engaged in being
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creative problem solvers with a strong desire to learn. His leadership included
selecting the courses for the STEM teaching certificates, helping overhaul and select
new science curriculum, working to blend the engineering standards into other
subjects, and adding the Integrated STEM course for all grade levels through the use
of the STEM SmartLab curriculum that the STEM specialist teaches. His responses
mirrored the teachers who were there at the time of the transition in terms of the
importance of building leadership and professional development to support the
change.
The field test surveys and interviews did provide information the researcher
was seeking. It verified the estimated time needed for the survey was accurate and
that the interviews were less than 40 minutes each. It was noted that more time was
necessary for the experienced teacher compared to the first-year teacher. The
interviews provided information to the researcher regarding clarity of questions and
opportunities to probe into teacher practices as identified on the survey.
Sampling Design
MSC (Magnet School Consortium) is located in a suburban area. In 2001,
two area school districts were identified as racially isolated by the State’s
Desegregation Rule and MSC was created to address the issue. The State
Desegregation Rule states, “if a district or school is identified as racially isolated, the
district must work with neighboring districts to create a voluntary desegregation plan”
(MSC, n.d.). To help desegregate the neighboring schools, 27 magnet schools are
found throughout the seven participating districts. Of those magnet schools, 17 of
them are identified as STEM magnet schools and offer STEM experiences within
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their curriculum. Currently there are eight elementary STEM sites, three middle
school STEM sites and three high school STEM sites. Two of the elementary schools
recently transitioned to STEM-focused magnet programs in 2017 or 2018 (MSC,
2017). MSC promotes its magnet schools through mail, social media, and school
tours. STEM programs are described through the marketing campaign:
A MSC District STEM magnet school develops critical thinking, creativity,
innovation and real-world problem-solving skills through scientific
exploration, inquiry, and project-based learning experiences. Science,
engineering, and technologies permeate every aspect of today’s society. (MSC,
n.d.).
With this description of STEM magnet schools, the logical conclusion by
parents might be that students who attend any of the STEM magnet schools will be
stronger in the areas of science, technology, engineering and mathematics. MSC does
not require a child attend a STEM elementary in order to gain access to a STEM
middle school, nor is STEM middle school required to gain access to a STEM
focused high school.
The two schools selected are suburban STEM magnet schools within MSC.
These schools are promoted as STEM based through MSC marketing and each
school’s website. Mission or value statements of each of the schools support the selfpromotion of STEM principles within each school. Pseudonyms are used and only
parts of the descriptive phrases from each school are used in an effort to offer
anonymity.
The first school, Discover Elementary, described itself as using inquiry based
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hands-on science with integrated technology and engineering where students find the
scientist in themselves. The second school, Wonder Elementary, uses similar key
phrases as students creatively solve problems through the engineering design process
while working with others in integrated STEM units.
The SIPS tool was emailed to all classroom teachers as well as teachers who
have STEM teaching duties. This included the CIC (Curriculum Integration
Coordinator) and the technology teacher at each school. At least 10 teachers were
needed to complete the SIPS tool to obtain a valid average (Hayes et al., 2016). For a
comparative analysis between the two schools, efforts were made to have 10
completed SIPS from each school. Demographic information on the SIPS survey
included questions about number of years teaching in the magnet school and degrees
held by the participants.
While all teachers were given the opportunity to voluntarily participate in the
interviews, there was a concentrated effort to recruit teachers who represented the
teaching force at the school. Sample selection from the two schools was purposive.
Purposive sampling allowed the researcher to select individuals who were good
sources of information (Patten, 2014). Teachers selected represented a variety of
grade levels, education, years of teaching experience and length of time at the STEM
magnet school. The researcher made attempts to have similar numbers of teachers
between each school who met the differing criteria. As participation was voluntary,
teacher response rates differed between the two schools.
Each of the school’s websites was examined to discern the number of classroom
teachers or licensed specialists who support STEM programming. Discover
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Elementary has 24 licensed classroom teachers and two licensed specialists to support
STEM programming; one is the Curriculum Integration Coordinator (CIC) and the
other is the Technology Integration Specialist (TIS). Both the CIC and the TIS are
full-time teachers at Discover Elementary. Wonder Elementary has 25 licensed
classroom teachers, as well as a full-time CIC, a full-time Literacy Specialist and a
part-time Instructional Technology Teacher.
The State Department of Education (2018) website reported the following facts
for each school:
•

Discover Elementary has a teacher to student ratio of 18:1 and approximately
43 licensed teachers and one full-time building administrator.

•

Wonder Elementary has a teacher to student ratio of 16:1 and approximately
50 licensed teachers and two full-time building administrators.

•

Professional qualifications of teachers at Discover Elementary show 77%
have advanced degrees in education, whereas 60% of Wonder Elementary
teachers have advanced degrees.

•

Discover Elementary has 97% of its teachers with three or more years of
teaching experience. Wonder Elementary has 72% with three or more years
of teaching experience.

For the qualitative portion of this research, teachers from each category of
experience were sought out for interviews. Teachers who were at the STEM magnet
schools since the beginning and were part of the transition and implementation years
were actively recruited to participate. Teachers who came after the initial transition
years were included to gain insight into implementation and maintaining STEM
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programming. A minimum of five teachers from each school were interviewed to
find information that revealed common themes to support theories or behaviors that
led to the successful transitions to STEM-focused schools (Corbin & Strauss, 2015).
Interviews were completed at a time and place convenient for the interviewee.
Interviews were recorded and transcribed to preserve the information for analysis and
coding.
Grouping these teachers by when they joined the STEM magnet school
allowed the researcher to see patterns of commonalities around each research
question topic. Teachers were considered ground floor teachers if they were at each
school in the beginning of the magnet journey, as the foundation was being built.
Ground floor teachers were there the first or second year as the STEM journey began.
Teachers who joined the STEM magnet school in years three to five were considered
first floor teachers. These teachers were part of the early STEM magnet development
process. The last group of teachers, second floor teachers, were teachers who joined
the school five years or more after it became a STEM focused school. While the
number of returned surveys were balanced by years of experience, the number of
years at the STEM magnet was the criterion for this purposive sample for the
interviews. This type of sampling yielded information-rich data that provided insight
and understanding of what has occurred in each setting (Merriam, 2009).
Building and district administration were asked to participate. Each current
principal was asked and attempts to interview principals who were at each STEM
magnet as they transitioned were made by the researcher. Administration at the
district level was also asked to be interviewed to determine perceptions and
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understanding of roles played and support given to each school. Since both magnet
schools were established to meet desegregation requirements, district administration
included Directors of Equity, Directors of Curriculum, and Directors of Elementary
Education.
These schools were selected as they have similar numbers for student
enrollment; around 600 - 650 students attend each school and serve students from
Kindergarten through fifth grade. Both schools self-report on their website and
through published literature to have interdisciplinary approaches, integrate STEM
into other areas, use inquiry and real-world authentic problems, and have intentional
approaches for students to use the practices of science and engineering.
Other reasons these two schools were selected is the longevity of the STEM
program, their student diversity, and their state test scores. Both schools started their
programs and integration model prior to Minnesota adopting new science standards in
2010. Discover Elementary began its STEM journey in 2004 and Wonder
Elementary started in 2007. To meet the 2010 state science standards, both schools
needed to adjust or rewrite integrated units and plan professional development to
meet the new standards.
The schools selected also have high student diversity. Discover Elementary
has approximately 40% White students; the school district in which it resides has a
similar enrollment of 43% White students. Wonder Elementary has 36% White
students, which is quite different from the district average of 73%. Poverty counts, as
measured by the percentage of Free/Reduced-Price Lunch (FRPL) in each school, are
33% at Discover Elementary and 48% at Wonder Elementary. Each respective
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district has 42% and 33% of its total student population receiving FRPL. Table 3
represents each school’s demographic information from the Minnesota Department of
Education website (MDE, 2019). Both schools have higher percentages of students
identified in the racial categories of Asian or Black/African American compared to
the state average.
The last five years of fifth grade MCA scores students were examined. This
data was publicly available on the Minnesota Department of Education website. Raw
scores were not published but percentages of students scoring proficient and total
population were reported. A Chi-squared test was completed on this data to compare
each integrated STEM-based magnet school to its traditional-based counterpart within
each district.
Both STEM magnet schools have an application process but only one of the
magnet schools, Discover Elementary, is completely lottery based for attendance.
This school has had a waiting list of 400 – 450 students for more than five
consecutive years. The other magnet school, Wonder Elementary, fills approximately
35 - 40% of their seats through an application and lottery. The other 55 – 60% seats
are filled through traditional school boundaries and attendance zones.
Lottery systems may be weighted to give preference to some students based
on school criteria. MSC, not the individual schools or districts, oversees the
application and lottery process. Race, ethnicity, or gender cannot be used to select
students into the MSC magnet schools. According to the retired magnet school
principal and past interim superintendent of MSC, in discussion with the researcher in
May 2015, zip codes are used to weight students in the MSC lottery process to help
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achieve racial integration. Public housing and census data allowed for generalizations
to be made concerning race and ethnicity based on address; this enables MSC to help
with desegregation of schools and districts.
Table 3
Comparison of school STEM school demographics to district and state averages
District A

District B

State of Minnesota

Demographic
category

Discover
percentage

District
percentage

Wonder
percentage

District
percentage

State
percentage

Hispanic

4.5

9.1

6.8

6.0

9.5

American
Indian /Alaska
Native

0.5

0.9

0.8

0.7

1.7

Asian

23.0

15.9

28.3

7.8

6.9

Black/ African
American

26.3

24.9

25.9

12.1

11.2

Native
Hawaiian
Pacific Islander

0.0

0.0

0.0

0.1

0.1

White

38.2

42.7

30.5

68.0

65.7

Two or more
Races

7.5

6.5

7.7

5.3

5.0

9.9

10.5

25.0

6.6

8.4

Special
Education

13.8

14.0

17.5

16.7

16.2

Free/Reduced
Lunch

33.8

41.2

46.1

32.4

36.4

Homeless

0.3

1.2

1.6

1.8

0.9

English
Learner

Note: Demographic information taken from the MDE public website, Minnesota Report Card 2019. Available at
https://rc.education.mn.gov/#mySchool/p--3
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Setting
The setting for this study was the two schools located in the suburbs of the
metropolitan area in Minnesota. Discover Elementary is located approximately
twenty-seven miles from the state capitol and Wonder Elementary is approximately
20 miles from the same location. Teachers were presented with the SIPS tool at each
of the respective schools. Subsequent interviews were conducted at each of the
buildings or off-site if preferred by the participant. All participation was voluntary.
Based on the participant’s request, the building’s conference room, interviewee’s
classrooms, or local coffee shops were used for the interviews, allowing for private
discussion of the questions, thoughts and answers. Interviews were conducted when
and where it was convenient for the interviewee.
Data Collection Procedures
The first step in the data collection process was to obtain permission for the
study from the Institutional Review Board (IRB) at Bethel University in St. Paul,
Minnesota. Each school district also needed to approve the study. The process
within each district passed through the Research and Assessment Department and
required a committee’s approval. Both districts required a written application with a
description of the research and the benefit to the school before granting approval.
District A preferred the researcher meet with the Director of the Research and
Assessment Department prior to the IRB meeting to give a broad picture of the
research plan. Both districts required a summary of the findings and copies of any
published material.
Participation was voluntary and some teachers completed the short survey but
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chose to decline the interview request. Separate permissions for both events were
obtained. Prior to giving permission all possible participants were informed of the
purpose for the research and the information including rights of the participants,
including anonymity on surveys and interviews. Informed consent was embedded
into the survey and needed to be agreed to before completion of any survey items.
Participants could choose to withdraw at any time with no negative repercussions
(Appendix B).
Once district permission was received, participants at each of the identified
STEM schools received the Science Instructional Practice Survey (SIPS) (Hayes et
al., 2016). This was distributed electronically to all classroom teachers and teachers
identified as STEM instructors. The survey was short and able to be completed in
less than 10 minutes (Hayes, 2016). Information gathered was used to identify
instructional practices aligned to NGSS and helped refine and shape the interview
questions. There was a two-week window to complete the survey with two reminders
sent. The first reminder was sent when one week remained and the last reminder sent
when two days remained. Electronic surveys were sent from the researcher’s
academic institute’s email address to participant’s school email address. All
completed surveys were reviewed, scored and stored on the researcher’s personal
computer and hard drive. Data was backed up on external storage. All were
password protected. Each survey was dated when received. All data will be
permanently deleted five years after collection.
Each classroom teacher or STEM related teacher received an invitation to be
interviewed and were offered the option of times to meet before or after the contract
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day. Participants were given the option of suggesting or choosing the place to meet.
Permission for audio recording of the interviews was obtained at the start of each
interview and only used when agreed upon (Bogdan & Biklen, 2007). This recording
allowed for transcription and analysis by the researcher at a later time (Patten, 2014)
and permitted the researcher to focus on the interviewee rather than writing. Often as
patterns or themes emerged, subsequent transcriptions might not be a word for word
record of what was said but would include only material focused on the questions or
emerging themes (Bogdan & Biklen, 2007). Because of the electronic application
used in all interviews, all interviews were transcribed word for word. At the end of
each interview, participants were asked if they wanted a copy of their individual
transcription once typed and available. They were provided to those who wanted one.
Transcriptions were coded to assist in determining reliability and validity. In
addition, an outside reader assisted with inter-coder reliability.
For MCA scores information was obtained from the Minnesota Department of
Education (MDE) website. MDE provides a page entitled “Report Card” where a
school name can be entered. After selecting the chosen school, data can be sorted by
test name, grade, race, FRPL status, or other identifiers. Five years of data is
available through MDE; data is reported as percent proficient out of the total
population. Data were entered into a spreadsheet under each school’s pseudonym and
securely stored with password protection. This data will be deleted five years after
completion of research.
Data Analysis
The results of the SIPS survey were interpreted according to the scoring guide
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for this instrument (Hayes et al., 2016). The purpose was to use the mean scores to
see patterns in teacher and student practices. The author had made the scoring guide
available for use by the researcher. The six categories of the SIPS tool align with
NGSS and subsequently, Minnesota state science standards (MDE, 2017). As the
2010 state science standards were similar to NGSS and the identified skills found in
The Framework (NRC, 2012), analysis of the SIPS scores revealed patterns and
practices used in classrooms at these two STEM magnet schools.
During the 2018-19 school year, Minnesota examined and updated their
current science and engineering state standards, using The Framework as one of the
guiding assumptions for the work (MDE, 2018). The first draft of the new science
standards became available in November 2018. The data gathered for this research
was aligned with NGSS and the 2010 Minnesota state standards as the new standards
had not yet been adopted or implemented in Minnesota schools. Because both
schools began before the 2010 science standards adoption, the researcher also
examined the 2004 Minnesota science standards that included scientific inquiry as a
process, rather than the NGSS terminology of practices.
Following the interviews, as themes emerged and the story of the STEM
journey unfolded, data was sorted for analysis. The qualitative research was
inductive, and the researcher established categories or themes from the data gathered,
finding evidence to support (Creswell, 2014). Initial coding was open-ended and
began with finding categories or subcategories that supported and created common
themes (Saldana, 2016). Participant responses were coded both vertically for each
participant and horizontally across participants to find if common themes existed or
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emerged as interviews were analyzed (Saldana, 2016). The outside reader assisted
with inter-coder reliability.
MCA data was collected from the MDE website. To test the frequencies of
proficient scores in different categories, a Chi-square test was used. This test allowed
for a comparison of proportions of two independent samples (Campbell 2007). Each
STEM magnet school and the matched traditional school were the two independent
samples compared. The Chi-squared test was calculated by entering the percent
proficient and the sample size resulting in a p-value. An online statistical analysis
tool was used for this calculation (SciStat, 2020). If the p-value was less than 0.05 a
statistically significant difference would be the conclusion. This test was repeated in
the areas of mathematics, science, and reading for each set of schools and for
identified subgroups of students.
School documents were examined and included, but were not limited to,
written curriculum, web sites, lesson plans, professional development presentations,
student work, and assessment tools. Interview information and review of existing
school documents were analyzed using these steps for data analysis (Creswell, 2014,
p. 197-198):
1. Organized and prepared for data analysis.
2. Used a two-tailed t-test statistical analysis to interpret survey scores.
3. Gathered MCA data of STEM-based magnet schools and comparison school
from MDE website.
4. Used a Chi-square statistical analysis to compare rates of proficiency in the
areas of mathematics, science, and reading on the MCA.
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5. Interviews were transcribed. Materials were photographed or noted.
6. Read or looked at all data. Reflected on what was said.
7. Coded the data by terms and topics using Max QDA or similar program.
8. Used coding process to determine themes or categories.
9. Described how themes were represented in the qualitative narrative.
10. Interpreted findings of qualitative data.
11. Analyzed and interpreted quantitative data.
12. Determined results and implications all data.
Limitations of Methodology
Limitations for this study included the quality of the school programming was
being evaluated and described by teachers and administrators. The STEM schools
selected met the criteria outlined but the fidelity with how they implemented STEM
practices was self-reported. Students who applied and were enrolled in magnet
schools may already have an interest or skill in STEM subjects, and this study did not
remove the impact that variable may have. To begin one of these magnet schools,
additional monies were obtained through a grant, which impacted decisions made at
the start of the STEM journey.
MCA tests were the only standardized test data examined. These tests do not
reflect personal student growth but proficiency on state standards. They are not a
measure of collaboration skills, nor do they have a hands-on problem-solving
component. Consequently, they may not be the best measure of a STEM school’s
program.
While quality of each STEM magnet program was not examined, each STEM
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school selected has been promoted and marketed by the individual school and MSC
as using STEM principles in their programming. By promotion of STEM values,
there was an assumption that STEM principles were being taught with integrity and
meet state standards. Teachers in the magnet schools were employees in each of the
school districts so professional development hours, teacher pay scales and behavior
support programs in each school should align with district expectations.
The author of this study may present a bias for STEM programming and
STEM schools as she has worked in one of the STEM magnets since it began. While
every effort was taken to encourage honest and frank answers from teachers, the
relationship with staff may influence answers. In qualitative research, the researcher
brings personal perspective to the data (Creswell, 2014). To address any possible
bias, the outside reader was asked to look at the coding for accuracy and was also
used to debrief to ensure accuracy of data collected from both schools. The outside
reader also read chapters four and five to provide feedback on results and
implications.
The definition of a STEM school has many interpretations. To define a
successful STEM school presents more limitations. Successful STEM schools for
this study will be based on history and longevity of STEM programming, integration
of STEM subjects, Minnesota State Department of Education data, and input from
building leaders. Buildings selected did have a diverse student body based on race
and socio-economic status. Students of color and those with low socio-economic
status, as measured by the Free/Reduced Lunch count, are often underrepresented in
STEM (NSTC, 2013). Schools with a student population different than the ones
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studied may have different results on their journey to becoming a STEM school.
Ethical Considerations
Every attempt to protect participants was made by the researcher. By using
public test data there was no violation of data privacy laws. Pseudonyms for schools
and districts were used. Only some phrases from each school’s value or statement or
promoted description were used. No staff names were used, each participant was
coded with a unique name. A list that connected each participant to the assigned code
was kept with other collected data on the personal home computer of the researcher
and will be destroyed after five years. Teachers were categorized as primary (K-2) or
intermediate (3 – 5). While names were not used, those familiar with each school
might be able to identify the participant based on comments or attitudes. Transcribed
or summarized interviews were offered to each participant to verify answers and
interpretations.
This research was not an attempt to malign districts, schools, staff or force
competition between similar schools. It was necessary to uncover steps and processes
followed to become a successful elementary STEM school.
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Chapter IV: Results
To determine how STEM focused schools implemented changes and
programming, two elementary STEM magnet schools were selected. These schools
were located in adjacent, different suburban districts and are promoted through
Magnet School Consortium (MSC) as using science and engineering processes as an
integral part of their curriculum and instruction.
Information in this chapter is organized by sample description, research
questions, sub-questions, and corresponding hypotheses in the quantitative portion.
Hypotheses are labeled according to the corresponding research question and subject
area. In subject areas where multiple hypotheses are used, a letter denotes each
different set. For example, H2MA0 and H2MAa would translate to the hypotheses for
research question 2 (H2), in the area of mathematics (M) and the first set (A) of
hypotheses in this subject area. Subsequent mathematics hypotheses would be
identified as H2MB, H2MC and so forth. The same system is used for science (S)
and Reading (R). Qualitative results were also organized by research question and
reflect themes or messages that emerged. When both approaches were used to answer
the same research question, quantitative information is presented first followed by the
qualitative to provide teacher or leader perspective to the questions asked.
Participant Selection
To better understand what was happening in each school and the stories of
how each school implemented and continued to sustain its STEM focus, interviews
were conducted with a variety of staff members. The researcher invited every
licensed classroom teacher to participate in interviews, hoping to interview teachers
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with different years of experience. Building administrators in both schools were all
contacted and asked to participate in the research. District leaders connected to the
magnet school were also invited to participate. District leaders, including school
district curriculum staff, elementary directors, or assistant superintendents were all
invited to participate in the interview portion. There was only one participant from
District A and zero response from district level leaders in District B.
Interview Population
All participation was voluntary; there was a much larger response from
Discover Elementary in District A than Wonder Elementary in District B. From
District A, there were 13 total participants in the interviews. One was a district level
leader, four were building leaders and the remaining eight were teachers. District B
yielded six interview participants; three were leaders and three were classroom
teachers. Initial requests were made via email to all licensed classroom staff, current
and former administration, and selected district administration employees. After the
initial requests, two more email requests were sent with approximately one week
between each request. Once interviews began, specific teachers were emailed based
on website biographies or suggestions by other participants. Incentives of gift cards
were offered to all participants, although several declined the card at the end of the
interview. Due to the higher participation rate in District A, a more comprehensive
picture of Discover Elementary’s journey to becoming a STEM school was revealed
than at Wonder Elementary.
Due to the higher response rate for interviews at Discover, multiple
perspectives were gathered about the STEM program in the beginning years and the
154

recent years. Eight of the thirteen interviewees were classroom teachers. Three of
the participating teachers interviewed at Discover were at the school prior to and
during the first year of the implementation. The other five participants were
principals, curriculum integration coordinators (CICs), or district staff and were
classified as leaders as they had some decision-making power at the school or district
level. Pseudonyms were used for all interview participants to protect their identity.
Ms. Blattel was the principal during the transition and implementation years and
participated in the interview process as well. The current principal, Mr. Medier, also
participated in the interviews. The number of participants and their variety of roles
provided robust information about Discover Elementary.
There was a much lower response rate from Wonder Elementary teachers for
interviews. Because the interview rate was much lower at Wonder Elementary, all
participants from Wonder Elementary were referred to as teachers to provide
anonymity. One of the five participants was at Wonder during the first year of
implementation and no longer works at the school. No staff who were there before
the transition volunteered to participate. One participant, Ms. Schmeel, started in the
third year of the magnet program and is still at Wonder. She worked under the
original leadership team and was the participant with the longest history at the school.
Ms. Schmeel provided information about the first set of leaders as she experienced it
or as she understood the journey as told to her. The lack of participation from
teachers at Wonder Elementary leaves holes in their story. Also missing from
conversations with the Wonder staff was the principal perspective. The principal
from the implementation years could not be contacted and the current principal chose
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not to participate. Because only a few voices from Wonder Elementary were heard,
early history pieces were missing, unknown, or untold.
Teachers who were at the STEM school when it began were considered
ground floor teachers. They were part of building the foundation of the program.
Ground floor teachers were there during the first two years of transition and initial
implementation of STEM magnet school programming. First floor teachers came in
years three to five as each program continued to develop. Second floor teachers
arrived after year six. Teachers with varying years of STEM school teaching
experience provided different insight into the questions and the development of
STEM programming.
In addition to grouping the participants by years at the magnet school, groups
were created based on job description. Two groups were created as the qualitative
data was analyzed; participants were either marked as “Classroom Teacher” or
“Leader.” Leaders included past and current principals, district office staff,
curriculum integration coordinators, or those who identified themselves as part of the
building leadership group and served students K-5. This grouping was done to
compare perceptions from the different participants.
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Figure 2. Interview Participants
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Figure 2. Partipants grouped by when they joined the STEM school and their postion.

Collection and Coding of Interview Results
The interviews were conducted to hear the story of implementing and
sustaining an elementary STEM program. Stories heard provided insight and
perspective for all research questions. Interviews were recorded and transcribed
using a digital application protected with a secure password. Responses were
uploaded into an electronic coding system. Initial coding placed responses into the
large categories of leadership, professional development, curriculum and content,
STEM definition or understanding, and student engagement. Each large category was
further divided based on themes that emerged. Coding of the data was done both
vertically and horizontally. Horizontal coding helped reveal information consistent to
each participant while vertical revealed information under each category. The
vertical coding led to the clustering of commonalities under each category which
helped reveal themes common to starting a STEM magnet school.
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An outside reader with a background in mathematics and science instruction
was used to address bias and examine coding procedures. Her experience included
several years of classroom teaching, providing mathematics and science professional
development, being a district curriculum specialist, and working on curriculum
writing and development for a textbook publisher. In addition, this reader has sat on
committees and boards for schools starting STEM-based programming; these schools
have been both public and private. The use of this outside reader was to address any
bias by the researcher. Together the outside reader and the researcher categorized
comments and answers into different strands or themes as they emerged. Five
interviews were randomly selected for her to read, allowing her to examine the initial
coding process and the categories. In-person, telephone, and electronic
communication were all utilized for this process. In addition, the outside reader was
provided with copies of all of the coding for all eighteen interviews to review,
question, and verify the information collected.
Measuring Science Instructional Practices Survey (SIPS) Population
The Measuring Science Instructional Practices (Hayes et al., 2016) survey was
distributed to all licensed classroom staff at both schools. All participation was on a
volunteer basis and participant’s responses for the interview portion were grouped
based on role and length of time at the STEM magnet school. There was a higher
response rate at Discover Elementary on both the SIPS and in-person interviews. At
Discover Elementary, 20 began the SIPS and 18 completed it in its entirety. The
response rate at Wonder Elementary on the SIPS portion was 14, although only eight
participants answered all the questions. Other information gathered at the start of the
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SIPS survey included questions on length of time teaching, length of time at the
STEM school, and level of education. Due to the small sample size and to provide
confidentiality, analysis by those qualifiers was not reported. Information gleaned
from the demographic questions and the results on the SIPS tool was used to refine
and improve the interview questions during the qualitative portion.
Figure 3.
Number of Teachers Who Answered
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Figure 3. Survey population by grades taught.
Number of Teachers Who Answered SIPS

Figure 4.
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Figure 4. Survey population by years teaching and years at STEM magnet school.

Note: Discover Elementary has been a STEM magnet school for 15 years; Wonder Elementary has been a STEM magnet for 12
years.
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Findings for Research Question One: Instructional Practices
Research question one (RQ1) was, “What instructional practices are used by
teachers in STEM magnet schools? How do teachers describe their practices?” To
reveal the frequency of science and engineering practices (SEP) used in the
classroom, research sub-question one (RSQ1) was, “Is there a significant difference
between Discover Elementary and Wonder Elementary in the frequency or use of
science and engineering practices at each school?”
The hypotheses for the research sub-question one was:
H1A0: There is no significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1AA: There is a significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
The websites of both schools promote using integrated instruction with
students that apply science and engineering practices to solve real-world problems or
engage in hands-on learning opportunities. Discover Elementary describes itself as
using science as the focus for content integration, while Wonder Elementary
describes itself as integrating content through its engineering focused curriculum.
Quantitative and qualitative data provided information on practices teachers used in
the classroom.
The SIPS (Hayes, et al., 2016) tool asks teachers to rate how often science
instructional practices are used in their classrooms. This survey of 31 questions uses
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a mean score from grouped questions to determine the average use of practices that
align with NGSS instructional practices or traditional science instruction (Hayes, et
al., 2016). A two-tailed t-test was used to determine if there was a significance
difference between the science and engineering practices as self-reported by teachers
at each building. The SIPS tool uses a Likert response system, with one being never,
two is rarely (a few times a year), three equals sometimes (once or twice a month),
four is often (once or twice a week), and five is daily or almost daily.
Data from the SIPS tool support accepting the null hypothesis. There is no
statistical difference between how frequently each school reported using SEP in the
classroom. For this research, a p-score of < 0.05 was the statistical significance score
used. This research did not gather data from traditional elementary schools so no
comparison of practices used between STEM-based and traditional schools could be
made (Table 4).
Because each school approaches its STEM-focused curriculum through a
different area, Discover Elementary using science and Wonder Elementary using
engineering, data from the SIPS were also analyzed question by question. This
analysis was done by the researcher to determine if differences in specific practices
existed between the two schools and to provide further information for research subquestion one which was, “Is there a significant difference between Discover
Elementary and Wonder Elementary in the frequency or use of science and
engineering practices at each school?” (Table 5).
The hypotheses for this analysis were
H1B0: There is no significant difference between the frequency or use of
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specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
H1BA: There is a significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
Table 4:
Scores from the Science Instructional Practice Survey
Factor

NGSS SEP

Discover
Elementary

Wonder
Elementary

p-value

Instigating an
Investigation

1 (questioning)
3 (planning and carrying out
an investigation)

3.30

3.33

0.76914

Data Collection
and Analyses

3 (planning and carrying out
an investigation)
4 (analyzing and interpreting
data
5 (using mathematical and
computational thinking

3.38

3.35

0.44361

Critique,
Argumentation
and Explanation

6 (constructing explanations
7 (engaging in argument
from evidence)

3.57

3.65

0.78842

Modeling

2 (developing and using
models)

2.59

2.63

0.88914

Traditional
Instruction

3.38

3.33

0.83584

Prior Knowledge

3.87

3.89

0.95182

3.55

3.89

0.22225

Science
Discourse and
Communication

8 (obtaining, communicating
and evaluating information)

Note. Permission to use the Measuring Science Instructional Practices Survey (SIPS) was obtained by the researcher in November 2016. A lower
p-value provides more support for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001
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Table 5
SIPS Data by Question (Hayes et al., 2016)
Category

SEP

Discover

Wonder

p-score

Q1. How often do students in your classroom…
Generate questions or predictions to explore

1

4.25

4.00

p = 0.43

Identify questions from observations of
phenomena

1

3.76

3.58

p = 0.54

Choose variables to investigate (such as in a
lab setting)

3

2.95

3.00

p = 0.85

Design or implement their OWN
investigations
Make and record observations

3

2.26

2.75

*p = 0.05

3

4.25

4.00

p = 0.37

Gather quantitative or qualitative data

3

3.50

3.45

p = 0.91

Organize data into charts or graphs

4

3.05

3.18

p = 0.66

Analyze relationships using charts or graphs

4

3.15

3.00

p = 0.60

Analyze results using basic calculations

5

2.95

3.09

p = 0.64

Write about what was observed and why it
happened

8

3.78

4.00

p = 0.60

Present procedures, data and conclusions to
the class (either informally or in formal
presentations)

8

2.78

3.38

p = 0.21

Read from a science textbook or other
hand-outs in class

8

2.83

3.25

p = 0.32

Critically synthesize information from
different sources (i.e. text or media)

8

2.61

3.00

p = 0.33

Supply evidence to support a claim or
explanation

6

3.74

3.73

p = 0.98

Consider alternative explanations

6

3.47

3.64

p = 0.67

Make an argument that supports or refutes a
claim

7

2.95

3.45

p = 0.25
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Create a physical model of a scientific
phenomenon (like creating a representation
of the solar system)

2

2.50

2.60

p = 0.72

Develop a conceptual model based on data
or observations (model is not provided by
textbook or teacher)

2

2.50

2.70

p = 0.57

Use models to predict outcomes

2

2.78

2.60

p = 0.65

Q2. How often do you do each of the following in your science instruction?
Provide direct instruction to explain science
concepts

3.89

3.80

p = 0.78

Demonstrate an experiment and have
students watch

2.56

2.8

p = 0.49

Use activity sheets to reinforce skills or
content
Go over science vocabulary

3.17

3.10

p = 0.85

3.89

3.60

p = 0.33

Apply science concepts to explain natural
events or real-world situations.

3.72

3.67

p = 0.88

Talk with your students about things they
do at home that are similar to what is done
in science class (e.g., measuring, boiling
water).

3.72

3.89

p = 0.66

Discuss students’ prior knowledge or
experience related to the science topic or
concept.

4.17

4.11

p = 0.85

Use open-ended questions to stimulate
whole class discussion (most students
participate)

4.56

4.38

p = 0.48

Have students work with each other in
small groups

4.39

4.63

p = 0.44

4.17

4.62

p = 0.25

Encourage students to explain concepts to
one another

8

Note. Permission to use the Measuring Science Instructional Practices Survey (SIPS) was obtained by the researcher in November 2016. A lower
p-value provides more support for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001. A two-tailed T-test was completed on each of
the 31 questions. Because validity and reliability of the SIPS tool were determined on the collection of questions under each factor area, individual
question results should be interpreted with caution.

164

Analysis by each question supported accepting the null hypothesis for each
specific question. Teachers at Discover Elementary and Wonder Elementary report
students use science and engineering practices at close to the same frequency (Table
5). The only item where the p-score was close to significant was the practice of
having students design and implement their own investigation. That individual
question had a p-score equal to 0.05, indicating that students at Wonder Elementary
perhaps have more experience with that practice. Due to the small sample size, all
results must be interpreted with caution (Table 5).
The SIPS tool was used to quantify instructional practices at the STEM
magnet schools but questions to clarify practices were used in the interviews. The
practices that teachers described strongly connected to how professional development
influenced teacher practices, observations of differences in student engagement, and
changes in student achievement and performance. Information and examples by staff
helped to answer research question one, “What instructional practices are used by
teachers in STEM magnet schools? How do teachers describe their practices?”
The SIPS tool asked about the use of models only in science class, but during
interviews teachers revealed students use a variety of models throughout the day. The
interviews revealed confusion with the term models. For many teachers it conjured
up the use of three-dimensional objects as their narrow definition of models.
Instructional Practices at Discover Elementary
All interviewed teachers at Discover Elementary use Thinking Maps. Over
the past four years, staff have participated in 18 – 20 hours of professional
development on this topic. Thinking Maps create a visual pattern for students to
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organize their thoughts (Thinking Maps, Inc., 2014). Five of the eight teachers at this
STEM school all mentioned the use of thinking maps to teach critical thinking skills,
such as cause and effect, parts to whole, or classification and categorization to their
students. Critical thinking skills are necessary for students to develop science literacy
(AAAS, 2013). Four of those five teachers offered specific uses of these maps in
science learning. None of the interviewed teachers thought of them as models when
asked on the SIPS tool.
Another example of models at Discover Elementary include the use of science
notebooks. An examination of this artifact at both the intermediate and primary
levels revealed diagrams and drawings were found in all of them. Some activities
described by teachers during the interviews at Discover Elementary revealed that
models are used often, if not daily, by most of the teachers but the teachers did not
consider them models as described on the SIPS tool.
This building has a maker space room, an engineering lab, and a science lab;
all students have multiple experiences in each space throughout the year. Time in
each of those spaces differs between grade levels and teachers. Science, engineering,
and tinkering are not limited to those spaces; those experiences also happen in
classrooms. The curriculum integration coordinator (CIC) at Discover Elementary
sometimes assists in those spaces. When describing how those spaces are used, the
classroom teachers and the CIC described hands-on opportunities for students to see
and use models. These models were often 3-dimensional, allowing the student to
touch, replicate, or test. Other models were examined or created through the
integration of technology. Every student at Discover uses software to develop a
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model with 3D printing software and takes home the object they created. Through
the interviews, teachers confirmed modeling and other SEP were used more than
reported on the SIPS tool.
Instructional Practices at Wonder Elementary
Wonder teachers also gave examples of models often used. Like Discover,
not all were science or engineering related but reflected teaching students to use
models for problem solving. During their engineering units, teachers were confident
in what the term model meant, referring to items that students created to solve a given
problem. In addition, students looked at models or existing inventions to better
understand current solutions. Using these observations and experiences, students then
altered or created different models to solve the given problem. Some examples given
were creating barriers to control erosion, devices to spread seeds, and creating an
insulating cover for ice. These hands-on, three-dimensional models are not used
weekly at Wonder Elementary but once or twice month as indicated on the SIPS
responses.
When discussing subject integration and how models were used, Wonder
teachers described the use of models in mathematics and English Language Arts.
Like Discover Elementary teachers, these models were most often drawings,
diagrams, visual maps, or demonstrations by students or teachers that encouraged
problem solving. Ms. Johnson, a primary teacher, described how students ask to
draw their ideas or to use materials to “build my answer” in mathematics. She felt
that students have more experience with how to create a model, and are comfortable
using them, to solve problems.
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Using models during engineering challenges helped students see the value in
“planning, trying, and improving” and those skills do transfer to other subject areas,
according to Ms. Tate. This primary teacher with more than 25 years of teaching
experience, reported seeing problem solving skills transcend across subjects.
Students use models to find answers in math class either using manipulatives or
drawings. When queried, the teacher described how students ask to use objects or
draw their thinking before they answer. She felt strongly that teaching students to use
models is a skill and not a “crutch” and has helped students try and try again. The
primary teachers also mentioned having students “act out” or “be parts of” their
engineering concepts. Teachers at Wonder Elementary did not interpret those ideas,
or the drawing and using manipulatives outside of their engineering instructional
time, as using models when answering questions on the SIPS tool.
Science and Engineering Practices Described by Staff.
The SIPS tool was not completed by traditional elementary schools, so no
comparison of the frequency of science and engineering practices was done between
STEM-based schools and traditional elementary schools. Teachers’ self-reporting on
the SIPS tool appeared to underestimate how often models are used when compared
to information from the teacher interviews.
As teachers described practices used in the classroom, the SIPS factors were
used as themes to code information gathered. While inquiry is now considered a
dated term, staff at both schools used the term to describe practices where students
ask questions, design solutions, and analyze results. Factor one on the SIPS was
“Instigating an Investigation” which included the two science and engineering
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practices of questioning and planning (NGSS, 2013). Information coded under
inquiry used phrases like “asking questions to learn more” or “student led
investigations.” Gathering, analyzing, and sharing data and results are science and
engineering practices identified by The Framework.
Teachers at Discover Elementary described how those are used in their
classrooms. Those SEP emerged as a common practice used at all grade levels as
developmentally appropriate. For example, kindergarten and first grade teachers
helped students make sense of data gathered as a classroom. As students get older,
teachers described how the students began to independently interpret data gathered
with assistance by the teacher as needed. By third grade, students are writing their
own investigable questions, multiple hypotheses, collecting data, and analyzing to
draw conclusions. A common instructional practice, described by seven of the eight
teachers and the three building leaders at Discover Elementary, was inquiry-based
investigations. These inquiry-based investigations included most, if not all, of the
science and engineering practices identified in NGSS.
Teachers at Wonder Elementary also mentioned inquiry as a common practice
in their school. “Letting kids wander in the topic” and “lots of questions to kids and
by kids” were two phrases to describe how this practice looks at Wonder Elementary.
This school has recently adopted the engineering curriculum, Project Lead the Way,
(PLTW) for all of its grade levels. Each grade level has four PLTW units each year.
Questions, data collection, and data analysis were done at Wonder Elementary
through the PLTW units. This school has district assigned science specialists for the
primary grades. The science specialist did not participate in the interviews, and the
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participating classroom teachers were not sure what science and engineering practices
were used by the science specialist.
While describing their practices, the topic of curriculum integration was often
mentioned. Under the topic of integrated curriculum, more than half of the
participants talked about the importance of aligning curriculum with standards, the
need for teacher autonomy, and the desire to be trusted by building or district leaders
to teach differently. Several mentioned with the many standards required, integrating
was the only way to do it. At both schools, some grade levels have rearranged or
replaced reading curriculum resources with books or topics connected to their science
topic, while others have not.
While both districts require specific writing genres be taught, some teachers
teach them in a different order or link the topic to science. Science skills such as
measuring, graphing, determining means, or analyzing data may be taught during the
mathematics block but have real-life application during an investigation or
engineering design challenge. Teachers reported combining mathematical curriculum
or instruction time with science because of the integration opportunities. It makes
“math real when we are doing it for a reason” was how one teacher described it. The
integration of technology tools was threaded throughout many curriculum areas and
used in a variety of ways. Discover Elementary teachers mentioned integrating
technology more often than teachers at Wonder Elementary.
Early leadership at Discover Elementary allowed teachers to make decisions
regarding integrated instruction and curriculum. Classroom teachers explained how
they were able to choose reading material, plan writing assignments, and apply
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mathematical skills that matched the science content and meet state standards. First
to fifth grade teachers shared how science was the connection to other areas.
Descriptions of teaching science included other subject areas. Comments from
teachers to support this integration included “math is necessary for data analysis,”
“reading content is deliberately linked to science units,” and “our engineering
activities incorporate science learning and mathematical concepts,” Some writing
standards were also met through investigations as teachers stated, “I have rearranged
my writing genres to connect to science,” “persuasive writing helps argumentation,”
“parts of a business letter are taught through our advocacy project,” and “procedural
text connects to investigation steps.” One teacher also mentioned subjects like social
studies and health having more of a “science connection than it used to.” Thinking
and acting like a scientist is a “mindset for students we encourage” explained one
classroom teacher as she described how important subject integration is in the STEM
program.
One example of integrated learning was the lake study conducted by fourth
graders at Discover Elementary. Teachers shared how students learn information
about macroinvertebrates as it relates to healthy lakes in Minnesota. Scientific
inquiry is used throughout this unit and engages the students in the content while
improving their science thinking and understanding, as described in The Framework
(NRC, 2012). This integrated unit is year-long, and students become more
independent in completing the learning and the investigations.
This unit included hearing from a limnologist, reading books about
macroinvertebrates, researching how to identify species, and collecting samples from
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the lake adjacent to the school property. Using data from the lake sample, students
write their own questions to investigate. Monthly samples are collected throughout
the year to measure lake quality, requiring parent volunteers or staff to auger holes in
the winter months. Technology tools were integrated as students use authentic
science tools, including turbidity tubes, temperature probes, and microscopes. Data
are recorded, graphed, and analyzed to determine trends in lake health. Each student
develops an individual website where they report out what was observed, and
conclusions reached in each investigation.
The fourth-grade students also participate in residency lessons on scientific
drawings and diagrams to record and represent the different organisms collected.
That knowledge was used to engineer a new macroinvertebrate species based on
structures and habitat. This engineered species was both drawn and created out of
clay. Technology tools are employed during this unit as students take pictures of the
living organisms, record data, and created a reporting tool that told about their created
macro and rated its chance of survival based on lake health. Computational thinking
was used as students created their macros in a coding program, bringing their macro
to life on the computer. Examination of this fully developed unit of study showed
state standards were met in science, mathematics, language arts, technology, social
studies, engineering, and art. This unit, and others like it, encompass all eight SEP as
identified in The Framework (NRC, 2012).
Other grade levels at Discovery Elementary completed similar integrated
learning units. Fifth grade focused on pollinators, planting and maintaining two
prairie areas, while conducting investigations in fall and spring. In addition, students
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wrote advocacy letters to leaders at area businesses and to local, state, and federal
government leaders sharing their investigation results. Third grade students engaged
in year-long ornithology studies, including investigations around bird seeds, bird
structures, and participated in citizen science data collection through Cornell
University. Second graders also participated in citizen science data collection
through Journey North.
Discover teachers in K-1 also have integrated units of study. In these early
grades, students find answers through engineering solutions, building models, or
other hands-on experiences. Read aloud books, word banks, writing, and art lessons
often connect with the science or engineering unit being taught. There are three fully
integrated units of study at the kindergarten and first grade level. A primary teacher
explained, “When they can do it, they get it” in relation to understanding science
concepts. Both kindergarten and first grade use technology tools to share their
learning with parents.
“Hands-on” and “active learning” were phrases teachers used to describe what
goes on in their classrooms at Discover Elementary. A primary teacher expressed
that it feels like “chaos” at times but when she steps back and observes, “I see they
are engaged and learning. They keep trying because they want it (solution) to work.”
Former principal Ms. Blattel and Ms. Fyatt, a previous CIC, explained how Discover
Elementary used a purchased science curriculum for its base when it began its
program. Since then grade level teams have added, altered, or dropped many of the
prescribed investigations with predictable outcomes to allow students to plan their
own investigations and to allow for integration of other subjects in a way that feels
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natural and “like the real world” according to a teacher. This relevance to real world
learning keeps students engaged while deepening their understanding of science
content and use of skills (NSTC, 2018; Roehrig, Wang, Moore & Park, 2012).
At Wonder Elementary, teachers told how their Project Lead the Way
(PLTW) engineering units allowed students to ask questions, create solutions, test,
and revise as needed. It is through these units that students experience and use the
Science and Engineering Practices. Because science was taught by a specialist from
the district, rather than the classroom teacher, some teachers interviewed did not feel
that they could fully integrate science content into mathematics or language arts but
could do so with the engineering units. Since classroom teachers teach PLTW in
their classrooms, teachers were fully aware of content and could link content to other
areas of learning.
Wonder Elementary teachers shared that they are told when and what science
unit will be taught. They are working on rearranging their PLTW units to create more
integration and connectedness between all subjects. One primary teacher felt
comfortable using her reading curriculum books in a different order than the district
prescribed, but another did not feel she had that freedom. The addition of PLTW
units is new to Wonder Elementary and as teachers become more familiar with the
curriculum, they shared hopes of adding and doing more to personalize the
experience and connect it to other subject areas. The support of the current leader has
helped teachers feel they can be more autonomous in their classrooms and different
from other elementary schools in the district.
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The PLTW engineering units were being taught as prescribed in the
curriculum. Students in kindergarten through third grade at Wonder Elementary most
often participate in confirmation or structured inquiry process. No science teachers
from any of the grade levels participated in the interviews so it is unclear if levels of
inquiry change as students move to fourth and fifth grades. The inquiry processes
used in PLTW do require collecting data, interpreting data, and analyzing collected
data to reach conclusions (Bell et al., 2005). The application of the engineering
design process is the goal of the PLTW units rather than students’ formulation of
questions at this point in the curriculum of Wonder Elementary. As an engineering
focused STEM school, this approach matched their philosophy explained one teacher.
Three teachers expressed hope that integrated instruction can happen in future years
to make for deeper learning and experiences for their students.
Interviews with Wonder Elementary teachers did not reveal intentional
integration of mathematical thinking into engineering. Because the interviewed
classroom teachers do not teach their science classes, they were unaware if
mathematical skills are used in the science instruction. One primary teacher from
Wonder felt strongly that she must teach the mathematics curriculum with “fidelity.”
To her this meant teaching as the curriculum is written and with no variation.
Because of this, she did not see integrated instruction as a possibility. No teachers
interviewed discussed integrating their current mathematical content into other parts
of the day.
As in mathematics, there seems to be little or no integration of science content
into the classroom setting at Wonder Elementary. While one of the teachers
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acknowledged she tried to rearrange content and PLTW units to match science
instruction, there is no planning time with the science teacher to coordinate content or
standards. Other teachers mentioned they reference what students have learned or
will learn in science during other subjects, but do not feel explicitly responsible for
teaching science skills to their students. Classroom teachers are responsible for their
PLTW units but did express the desire to coordinate instruction and content with
other subjects and the itinerant science teachers. Those decisions are not made by
teachers but by building and district leaders.
Wonder Elementary used departmentalized instruction at grades four and five,
so there was a strong disconnect between English Language Arts instruction,
mathematics, and science. The intermediate teacher could not provide information
regarding science units, PLTW units, or mathematical content that fourth and fifth
graders might encounter. She stated, “I don’t really know what they (other teachers
and students) do. As an ELA teacher, what I do isn’t any different than what I did at
my other school.” Other staff interviewed felt strongly that students are getting
something different at the STEM school. This was very true of the K-3 teachers who
teach all but science to their students. Although it may not show on the state tests,
“our students are very good at collaborating and problem solving” said one teacher.
The response rate was quite low at Wonder Elementary so all comments must be met
with caution as they only represent a small sample of the teaching population.
District B was in the process of adopting a new mathematics curriculum and
moving to self-contained classes at grades four and five for the 2019-20 school year.
Ms. Randolph, a fifth-grade teacher and Ms. Johnson, a primary teacher, both
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expressed hope that future planning days would allow the opportunity to look at new
math curriculum and how to incorporate and integrate it into their engineering
curriculum.
When either district adopted a new curriculum, it created stress as directives
from the district offices required the curriculum be taught as scripted in the manuals.
This was mentioned by the 13 of the 19 interview participants. From Discover
Elementary seven of the eight teachers and two leaders spoke to this stress. From
Wonder Elementary, two teachers and two leaders mentioned the disequilibrium these
mandates created. Teachers from both buildings expressed the difficulty to integrate
while following those directives.
All teachers, but especially those who described deep and meaningful
professional development experiences, shared frustration about wanting to use more
inquiry or science practices but felt pressure from building or district leaders to
follow scripts or pacing calendars. The need for teacher and building autonomy at
each of the STEM magnet schools emerged as an area of frustration for staff. Many
expressed frustrations that their district and MSC promote them as different but
leadership then “tells us to do what the other schools do.” In an integrated STEM
content approach, “doing what others do is not possible,” reported one teacher.
Others talked about the lack of trust from the district level and that the district’s
equity work has become “same for all” or as one teacher stated, “cookie cutter
approach where we (teachers) are all required to do the same thing without regard for
our program or students.” Some STEM magnet staff continue to meet grade level
standards through their integrated content; others feel as if that freedom is gone and
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described having less and less time to “do STEM” in an integrated approach. This
frustration was mentioned by the majority of staff interviewed at both schools.
This frustration was shared by seven of the eight classroom teachers
interviewed at Discover Elementary regarding a new math curriculum adopted in
2018-2019. Many felt that the district’s mandate to do the new curriculum with
“fidelity” negatively impacted the integration model of STEM that teachers had been
using. With the district also now requiring 80 minutes of mathematics instruction
“straight from the new curriculum,” said Ms. Schutte, “How can I do what I know
works for kids?” Others also mentioned the loss of freedom and time to teach their
integrated curriculum due to the district’s adoption.
When discussing reading instruction with current leaders and teachers at
Discover Elementary, eight of the ten mentioned the reading mandates and
curriculum change given six years ago. The six classroom teachers who brought up
the change had strong feelings about how it impacted their reading instruction and felt
it negatively impacted growth of their readers. In particular, all felt that the new
system worked against students of color and is at odds with other professional
development focused on active and engaged learning. Integrated STEM instruction
became harder to maintain when the district curriculum leaders gave a list of “mustdos,” including required minutes of instruction from the reading and writing
curriculum. Requiring minutes and scripted instruction from the curriculum created a
barrier to integrating and using science or engineering practices across curricular
areas at Discover Elementary.
Wonder Elementary staff mentioned the constraints put on them by the
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district’s reading curriculum. They also mentioned the required minutes per day and
the requirement that they must use the books and materials provided. The primary
teachers interviewed believed the reading curriculum has good content but the
requirement to follow the curriculum as written and meet the daily required minutes
impacts integration and use of engineering practices across curriculum areas.
Wonder Elementary also has minutes required in the area of mathematics. At
the time of the interviews, District B had adopted a new mathematics curriculum for
2019-2020. Summer professional development would be focused on using the new
curriculum with fidelity. This new curriculum was also coming with a required
minutes per day expectation. Primary teacher Ms. Johnson expressed concern about
finding time for engineering in the midst of all these required pieces from the district
leaders.
Despite the constraints of required minutes spent on district purchased
curriculum, staff at both schools mentioned the importance of using authentic science
and engineering practices (SEP) with students. While the SIPS tool reported similar
rates of SEP between schools, students at Discover Elementary have more
experiences with using SEP in integrated lessons. Teachers at Discover Elementary
are responsible for all subject area instruction of their students, where Wonder
Elementary uses itinerant specialists to teach science. This created a disconnect
between subjects at Wonder Elementary; that disconnect was not present at Discover
Elementary. Staff from both buildings reported the difficulty in using SEP and
integrating due to directives from district offices and lack of recent or differentiated
professional development related to science or engineering.
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Summary of Results for Research Question One
The null hypotheses for research sub-question one were accepted; teachers at
Discover Elementary and Wonder Elementary reported using Science and
Engineering Practices at similar rates during instruction on the SIPS tool. Looking at
the mean scores from each building, teachers reported using NGSS SEP between
once or twice a month and once or twice a week. The exception is in the category of
developing and using models; both schools reported using models only a few times a
year to once or twice a month.
Interviews revealed a higher use of SEP by teachers at both schools. Models
are used frequently in science, mathematics, and reading. Because Discover
Elementary uses an integrated curriculum approach at a higher frequency than
Wonder Elementary, the use of science and engineering practices are integrated into
more areas than science.
Findings for Research Question Two: Academic Achievement
Research question two was, “How are students from a STEM magnet school
performing in mathematics and science on state assessments compared to a traditional
school of similar demographics (race and socio-economic) within the same school
district?”
To address this question, schools with similar demographics were found
within each district using public information from the Minnesota Department of
Education (MDE) website. A chi-squared analysis allowed the researcher to compare
proportions of independent samples to determine areas of similarities based on race
and Free-Reduced Price Lunch (FRPL) classification.
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Finding Similar Schools for Academic Achievement Comparisons
Schools within each district were chosen in an attempt to control variables
such as calendar year, district professional development requirements, curriculum,
and district mandates. A chi-squared test was completed to determine if selected
schools within each district had significant difference in student population.
Particular attention was paid to the racial category of Black/African American and the
category of Free/Reduced Price Lunch (FRPL). The achievement gap between White
students and Black students was a significant area of need in both school districts.
Both districts have achievement and integration plans filed with the State of
Minnesota to address the need to close the persistent and predictable achievement gap
based on race or socioeconomic status.
In District A, Edison Elementary was comparable to Discover Elementary in
all categories except special education (Table 6). Discover Elementary had a
statistically significant higher percentage of students with special education needs.
Public data does not reveal numbers or percentages of students within each specific
area of special education. The category of special education was not studied as a
stand-alone identifier. Students who received services through an Individualized
Education Plan (IEP) and take the MCA would be counted under their racial identity
but not identified as special education in this study. The racial categories of Native
Hawaiian or other Pacific Islander and American Indian or Alaska Native were
omitted from Table 6 as schools had zero or one student identified. District A has
approximately 9% Hispanic students, 16% Asian students, 25% Black students, 43%
White students, with 41% of its student body participating in the Free/Reduced Price
181

Lunch program.
Table 6
Comparison Schools in District A
District A: Discover Elementary
(STEM school)
(n = 639)

District A: Edison Elementary
(traditional school)
(n = 704)

Number

Percent

Number

Percent

P score

Hispanic or Latino

29

4.50%

27

3.80%

0.52

Asian

147

23.00%

170

24.10%

0.6354

Black or African
American

168

26.30%

186

26.40%

0.9669

White

244

38.20%

251

35.70%

0.3432

Two or more races

48

7.50%

65

9.20%

0.262

English learner

63

9.90%

91

12.90%

0.085

Special education

88

13.80%

71

10.10%

*0.0363

Free/ReducedPrice meals

216

33.80%

229

32.50%

0.6133

2

0.30%

7

1.00%

0.1156

Identifiers

Homeless

Note. 2019 Enrollment criteria from Minnesota Department of Education website reflects the number of students enrolled as of October 1 of the
school year reported. A lower p-value provides more support for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001

Both Discover Elementary and Edison Elementary have similar percentages to
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the district in the Black and White racial category and slightly lower FRPL
percentages. Based on public data, the two schools served a similar body of students.
As both schools are in District A, each were required to teach the same core
curriculum in mathematics, language arts, social studies, health, and science. All
grade level teachers attend the same professional development when a new
curriculum was introduced in District A.
Unlike District A, where Discover Elementary and Edison Elementary were
demographically similar in all areas but one, many of the schools in District B are
comprised mostly of White students. The researcher struggled to find a school
comparable to Wonder Elementary within District B. Overall, District B has 68%
White students, 12% Black students, 8% Asian students, and 6% Hispanic students,
while Wonder Elementary has 30.5% White, 26% Black, 28.3% Asian, and 6.8%
Hispanic. Approximately 32% of District B’s student population receive
Free/Reduced Price Lunch (FRPL)whereas 46% receive FRPL at Wonder
Elementary.
The school with the closest demographics to Wonder Elementary is Andrews
Elementary (Table 7). Other schools examined were statistically different from
Wonder in all categories. Teachers at both Wonder Elementary and Andrews
Elementary were expected to use the same district purchased curriculum, implement
district behavior systems, and participate in district professional development.
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Table 7
Comparison Schools in District B
District B: Wonder
Elementary,
(n = 607)

District B: Andrews
Elementary,
(n = 396)

Identifiers

Number

Percent

Number

Percent

P-score

Hispanic or Latino

41

6.80%

32

6.10%

0.635

Asian

172

28.30%

63

12.00%

***<0.0001

Black or African
American

157

25.90%

110

21.00%

0.0532

White

185

30.50%

260

49.60%

***<0.0001

Two or more races

47

7.70%

54

10.30%

0.1260

English learner

152

25.00%

119

22.70%

0.3662

Special education

106

17.50%

99

18.90%

0.5426

Free/ReducedPrice meals

280

46.10%

326

62.20%

***<0.0001

Homeless

10

1.60%

28

5.30%

**0.0009

Note. 2019 Enrollment criteria from Minnesota Department of Education website reflects the number of students enrolled as of October 1 of the
school year reported. A lower p-value provides more support for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001

In District B, Wonder and Andrews were similar in the categories of
Hispanic/Latino, Black or African American, Two or more races, English Learners,
and Special Education. Wonder Elementary has significantly more Asian students
than Andrews. Andrews Elementary has a significantly higher number of White
students, students receiving FRPL, and those identified as homeless (Table 7). As in
District A, American Indian or Alaska Native and Native Hawaiian/Pacific Islander
were omitted as there was zero or one student only at one of the schools identified.

Academic Achievement Scores
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Once comparable schools were found within each district, the Minnesota
Department of Education (MDE) site was used to obtain achievement scores from the
past five years of fifth grade students. Scores from the Minnesota Comprehensive
Assessment -III (MCA-III) were used in the analysis. Scores in mathematics and
science were the focus of this study; reading was included to help determine if
content integration in STEM-focused buildings resulted in stronger academic gains in
that subject area as well. Fifth grade scores were selected as fifth grade is the only
elementary grade where science is tested in Minnesota. While comparing schools
within each district might have offered some control over district variables, there
were many variables that could not be controlled such as student transiency, teacher
experience, and teachers’ educational level.
As scores were interpreted it was important to note that MDE does not report
student scores if the cluster, based on one of the identifiers, was under the size of ten.
While MDE does allow for scores to be sorted by identifiers, one cannot know if the
students who were proficient in mathematics were also the ones proficient in reading
or science. That type of analysis would require individual assessment scores based on
specific student names or numbers and a different level of IRB approval. All fifthgrade students enrolled on the day of testing were included in the analysis of
achievement scores. Tables include the percent proficient in each subject category
and each identifier. The chi-squared analysis was done between each set of
comparison schools. The district and state data were included to provide context
when looking at each school’s achievement scores.
Approximately 1150 fifth grade scores were analyzed from District A and
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1000 fifth grade scores from District B in the three academic areas. All fifth graders
enrolled at each school on MCA testing days who took and received valid test scores
were included in this data analysis. In District A, Discover Elementary and Edison
Elementary have a similar number of students. The total number of scores for
Discover was 585 and Edison was 576. There was a higher difference between
Wonder Elementary and Andrews Elementary; Wonder had 520 scores and Andrews
454. Because different sample sizes existed, a chi-squared test was used to compare
proportions. A p-score of < 0.05 was used to determine if a statistically significant
difference was found between STEM-focused magnet schools and traditional schools.
Scores were analyzed by year; each year’s data represented a new group of students.
Mathematical Achievement Results.
District A: Discover and Edison.
Research question two asked, “How are students from a STEM magnet school
performing in mathematics and science on state assessments compared to a traditional
school of similar demographics (race and socio-economic) within the same school
district?”
The math hypotheses used were:
H2MA0: There is no significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
H2MAa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary.
Table 8
Percentage of All Fifth Grade Students from Discover Elementary and Edison
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Elementary Scoring Proficient on MCA Mathematics
Year

State

District A

Discover

Edison

p-score

2015
2016
2017
2018
2019

59.7
58.8
57.1
54.7
51.9

57.9
53.4
52.6
51.4
48.6

76.9
71.1
69.2
75.4
65.8

66.7
55.3
34.2
36.1
46.8

0.0744
**0.0092
***< 0.0001
***< 0.0001
*0.0326

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more
support for rejecting

Data from the last four years supported rejecting the null hypothesis (Table 8).
The fifth graders at Discover Elementary have a statistically higher rate of proficiency
than Edison Elementary on the mathematics portion of the MCA.
Since Discover is part of District A’s racial integration plan to address the
achievement gap, scores by race were analyzed. In addition, there was an analysis of
students who participate in the FRPL program in District A to provide additional data
for research question two.
The hypotheses were:
H2MB0: There is no significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
H2MBa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
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Table 9:
Percentage of Fifth Grade Students by Race and Socio-economic Status from Discover
Elementary and Edison Elementary Scoring Proficient on MCA Mathematics
Year
2015
2016
2017
2018
2019

State
68.3
67.9
66.8
64.3
61.5

District

Discover

Edison

MCA Mathematics Scores of White Students
75.3
85.3
85.5
69.6
86.7
69
72.2
79.2
45.7
72.3
86.5
58.8
68.0
75.6
64.3

P-score
0.9752
*0.0209
***0.0008
**0.0037
0.2648

MCA Mathematics Scores of Asian Students
2015
2016
2017
2018
2019

60.2
57.6
55.1
55.2
53.8

55.4
55.5
48.8
50.4
47.6

55.6
60
51.7
72.0
64.0

59.5
52.8
29.6
40.6
35.7

0.7807
0.6068
0.0959
*0.0192
*0.0416

MCA Mathematics Scores of Black Students
2015
2016
2017
2018
2019

29.9
27.5
27.3
26.7
25.3

33.5
27.8
28.6
23.2
23.3

76.5
58.6
66.7
53.3
62.5

38.5
37.5
12.0
23.3
too small

*0.0158
0.1298
***< 0.0001
*0.0178

MCA Mathematics Scores of Students receiving FRPL
2015
2016
2017
2018
2019

39.6
38.1
35.8
34.4
31.4

35.7
31.9
32.3
32.0
28.2

44.0
43.9
60.9
65.9
57.1

37.1
40.9
11.1
22.0
27.8

0.5937
0.781
***< 0.0001
***< 0.0001
**0.0097

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more
support for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001

Examining each set of data by the identifier was completed to reject or accept
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the null hypothesis (Table 9). White students at Discover Elementary had a
statistically higher level of proficiency three of the five years from which data was
available. Two of the last five years students at Discover Elementary identified as
Asian had a statistically higher percentage of proficiency than those at Edison. In
2019, Edison Elementary did not have enough fifth-grade Black students in the
proficient category to yield published scores. Of the Black student scores published
for the four previous years, Discover Elementary students had a statistically higher
level of proficiency for three of those four years. In the FRPL category, students at
Discover Elementary had a statistically higher rate of proficiency three of the past
five years.
While the analysis supports White, Black, and FRPL students at Discover had
a statistically higher rate of proficiency for more than half of the years examined, it
was not true for every year. Data support the rejection of the null hypothesis for
White, Black, and FRPL students at Discover but caution is exercised in doing so as a
p-score of .05 or less was not found for all five years. For Asian students, there has
been a significant difference in proficiency for the last two years; Asian students at
Discover performed better than students at Edison. However, as higher rates of
proficiency were found in only two of the five years, there is failure to reject the null
hypothesis as it relates to Asian students.
District B: Wonder and Andrews.
Data from Wonder and Andrews Elementary was analyzed in the same way to
gain more information for research question two. To compare mathematics scores of
all enrolled fifth graders on the day of testing, these hypotheses were used:
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H2MC0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MCa: There is a significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
The results of the MCA mathematics scores supported accepting the null
hypothesis. In 2019 Wonder did have a higher rate of proficiency in mathematics at a
statistically significant level. However, one year of significant scores did not provide
consistent evidence to support students at Wonder Elementary perform better than
peers at Andrews Elementary. Mathematics scores were similar between the two
schools in District B (Table 10).
Table 10
Percentage of All Fifth Grade Students from Wonder Elementary and Andrews Elementary
Scoring Proficient on MCA Mathematics

Year

State

District

Wonder

Andrews

P-score

2015

59.7

71.2

69.0%

65.8%

0.6436

2016

58.8

71.3

63.2%

61.9%

0.8408

2017

57.1

69.5

70.9%

67.7%

0.6228

2018

54.7

67.5

69.2%

63.0%

0.3615

2019

51.9

65.6

65.3%

50.0%

* 0.0315

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

To examine the impact of STEM-based instruction on students in identified
categories by race or socio-economic status, the following hypotheses were used:
H2MD0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
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examined by race or FRPL categories.
H2MDa: There is a significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
Table 11
Percentage of Fifth Grade Students by Race and Socio-economic Status from Wonder
Elementary and Andrews Elementary Scoring Proficient on MCA Mathematics
Year

State

District

Wonder

Andrews

MCA Mathematics Scores of White Fifth Graders
77.3
81.6
71.1

p-score

2015

68.3

2016

67.9

77.5

71.8

70.6

0.9015

2017

66.8

76.7

87.8

74.1

0.0963

2018

64.3

74.8

87.5

71.7

0.0742

2019

61.5

73.7

76.7

48.7

* 0.0090

MCA Mathematics Scores of Black Fifth Graders
42.4
36.4
55.6

0.2680

2015

29.9

2016

27.5

43.8

44.4

39.5

0.7301

2017

27.3

46.4

66.7

68.2

0.9248

2018
2019

26.7
25.3

45.1
44.9

46.7
52.6

62.2
too small

0.3100

MCA Mathematics Scores of FRPL Fifth Graders
54.0
52.4
58.1

0.2895

2015

39.6

0.5994

2016

38.1

54.2

52.9

59.4

0.4507

2017

35.8

52.7

56.8

65.6

0.3619

2018

34.4

49.9

55.7

47.9

0.4066

2019

31.4

47.4

53.1

40.7

0.1808

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Because Andrews did not have enough fifth graders identified as Asian, only
data from the categories of Black, White, and FRPL were analyzed. In 2019 Andrews
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Elementary did not have enough Black students in the proficient category to yield
reported scores. The null hypothesis was accepted for all racial categories and FRPL
in the academic area of mathematics. Students at both schools had similar rates of
proficiency on the MCA mathematics test (Table 11).
Science Achievement Results.
District A: Discover and Edison.
Research question two also included comparing performance on state science
tests between STEM-based and traditional schools. Scores were analyzed in the same
way as the mathematics scores. MCA science scores of all fifth graders at Discover
Elementary and Edison Elementary provided data for research question two.
The hypotheses used were:
H2SA0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SAa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
Table 12
Percentage of All Fifth Grade Students from Discover Elementary and Edison Elementary Scoring
Proficient on MCA Science

Year

State

District

Discover

Edison

P-score

2015

59.1

48.3

78.6

48.5

***< 0.0001

2016

61.5

53.9

81.4

53.0

***< 0.0001

2017

59.7

47.4

73.6

37.1

***< 0.0001

2018

58.1

47.2

79.8

41.0

***< 0.0001

2019

54.7

42.9

77.2

45.5

***< 0.0001

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001
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Table 12 shows that MCA scores were at the highly significant level with a pscore of < 0.0001 for Discover Elementary students compared to Edison Elementary
for all five years of data. This supports rejecting the null hypothesis.
Analysis by race and FRPL followed to determine success by individual
groups of students as identified by MDE categories. The tested hypotheses were
H2SB0: There is no significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SBa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
Data supported rejection of the null hypothesis for all racial and FRPL
categories (Table 13). Discover consistently had higher percentages of proficient
students across most of the five years under each identifier. As scores of Asian
students were statistically significant for three of the five years, rejection of the null
hypothesis for that category of students was done cautiously. Black students at
Discover had higher rates of proficiency for three of the five years. Unlike the
mathematics portion for 2019, Edison did have enough scoring in the proficient range
in science to yield scores for analysis. The percentage of students scoring proficient
who are identified as participating in the FRPL program or White students was
significantly higher at the STEM school. The last five years of science scores support
the idea that students at Discover, a STEM magnet school, outperformed similar
students within the same district attending a traditional elementary school (Table 13).
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Table 13
Percentage of Fifth Grade Students by Race and Socio-economic Status from Discover
Elementary and Edison Elementary Scoring Proficient on MCA Science
Year

State

District

Discover

Edison

p-score

69.9
71.9
70.7
69.9
66.3

MCA Science Scores of White Fifth Graders
68.9
86.8
67.3
71.8
91.7
69.0
66.2
97.6
45.0
69.1
94.2
55.9
61.1
90.2
57.1

*** 0.0001
** 0.0019
*** 0.0001
*** 0.0001
*** 0.0007

47.0
49.8
48.1
47.9
45.5

MCA Science Scores of Asian Fifth Graders
34.9
55.6
29.3
49.6
65.0
41.7
37.1
51.9
17.0
38.1
76.0
46.9
35.6
75.0
35.7

0.0565
0.0977
*0.0232
* 0.0276
**0.0050

2015
2016
2017
2018
2019

25.3
28.5
26.1
27.4
23.5

MCA Science Scores of Black Fifth Graders
23.0
76.5
30.8
27.9
72.4
29.2
26.3
52.0
25.0
21.5
58.1
26.7
22.7
66.7
42.9

**0.0038
**0.0019
0.0550
*0.0139
0.0710

2015
2016
2017
2018
2019

MCA Science Scores of Fifth Graders receiving FRPL
37.9
23.7
44.0
20.0
40.1
32.6
58.5
34.1
38.8
28.4
53.7
19.4
37.3
26.6
64.3
31.7
33.4
21.4
56.1
19.0

2015
2016
2017
2018
2019
2015
2016
2017
2018
2019

*0.0473
*0.0249
**0.0021
**0.0031
***0.0008

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support
for rejecting the null hypothesis. *p < .05, **p < .01, *** p < .001
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District B: Wonder and Andrews.
Different results for science were found in District B in relation to data for
research question two, “How are students from a STEM magnet school performing in
mathematics and science on state assessments compared to a traditional school of
similar demographics within the same school district?” MCA scores were compared
in the area of science.
The hypotheses were:
H2SC0: There is no significant difference between the MCA science scores
for fifth graders at Wonder Elementary and Andrews Elementary. (Table 14).
H2SCa: There is a significant difference between the MCA science scores for
fifth graders at Wonder Elementary and Andrews Elementary.
Table 14
Percentage of Fifth Graders from Wonder Elementary and Andrews Elementary
Scoring Proficient on MCA Science
Year

State

District

Wonder

Andrews

p-score

2015

59.1

66.1

60.7

67.9

0.3114

2016

61.5

69.0

60.2

58.8

0.8312

2017

59.7

66.0

60.0

71.8

0.0972

2018

58.1

65.8

65.8

54.3

0.1017

2019

54.7

62.1

66.1

51.3

*0.0367

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Data in table 14 supported accepting the null hypotheses for the MCA science
scores. Like in mathematics, Wonder did have statistically significant higher
proficiency scores in 2019. One year of higher scores did not provide consistent data
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to support that STEM-based programming raises achievement scores in science in
District B.
Like District A, District B has a significant achievement gap between White
and Black students. The researcher used public data to determine if STEM-based
programming at Wonder Elementary resulted in higher proficiency scores of students
who identified as Black or received Free or Reduced-Price Lunch in District B.
Hypotheses used were:
H2SD0: There is no significant difference between the MCA science scores of
fifth graders at Wonder and Andrews when examined by race or FRPL categories
(Table 14).
H2SDa: There is a significant difference between the MCA science scores
fifth graders at Wonder and Andrews when examined by race or FRPL categories.
Accepting the null hypothesis was the result of this data. White students at
Wonder did have higher proficiency scores in two of the five years. From the data
available from MDE, Black students and those students receiving FRPL did not
perform better on state assessments in the area of science. Andrews Elementary, the
non-STEM school, had higher proficiency rates with the FRPL category for three of
the five years, although only one year, 2017, were their scores significant (Table 15).
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Table 15
Percentage of Fifth Grade Students by Race and Socio-economic Status from Wonder Elementary
and Andrews Elementary Scoring Proficient on MCA Science
Year

State

District

Wonder

Andrews

MCA Science Scores of White Fifth Graders
73.4
77.8
80.4

p-score

2015

69.9

2016

71.9

76.6

74.4

70.6

0.6916

2017

70.7

73.6

85.3

80.0

0.5293

2018

69.9

73.8

82.5

63.0

*0.0456

2019

66.3

70.8

86.0

46.2

**0.0002

MCA Science Scores of Black Fifth Graders
40.4
46.2
50.0

0.7746

2015

25.3

0.8296

2016

28.5

40.5

44.7

22.2

0.1074

2017

26.1

40

52.6

61.5

0.6237

2018

27.4

46.1

64.9

40.0

0.1029

2019

23.5

38.6

55.3

too small

2015

MCA Science Scores of Fifth Graders receiving FRPL
37.9
48.2
45.0
53.3

0.4476

2016

40.1

50.3

45.7

46.9

0.8897

2017

38.8

49.2

38.5

67.3

**0.0059

2018

37.3

49.9

51.4

43.8

0.4190

2019

33.4

44.0

54.7

38.9

0.0898

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Reading Achievement Results
District A: Discover and Edison.
As both STEM schools reported using integrated content approaches, reading
scores were analyzed to offer deeper insight into achievement levels of students at
STEM-based schools compared to traditional schools. The hypotheses used for
reading were:
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H2RA0: There is no significant difference between the MCA reading scores
of fifth graders at Discover Elementary and Edison Elementary.
H2RAa: There is a significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary.
Table 16
Percentage of All Fifth Grade Students from Discover and Edison Scoring Proficient on MCA
Reading
Year
State
District
Discover
Edison
P-score
2015
2016
2017
2018
2019

66.7

62.9

81.2

65.7

** 0.0057

67.7

63.4

77.1

67.2

0.0833

67.5

63.2

77.8

59.8

** 0.0030

66.9

63.3

84

59.8

***0.0001

65.7

64

83.8

71.2

*0.0227

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Except for the year 2016, students at STEM-based Discover Elementary had
significantly higher rates of proficiency scores in reading (Table 16). Rejection of the
null hypothesis was supported.
As in mathematics and science, reading scores were also analyzed by race or
FRPL identifiers. These hypotheses were tested:
H2RB0: There is no significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2RBa: There is a significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
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Table 17
Percentage of Fifth Grade Students by Race and Socio-economic Status from Discover Elementary
and Edison Elementary Scoring Proficient on MCA Reading
Year

State

District

Discover

Edison

P-score

MCA Reading Scores of White Fifth Graders
2015

75.3

79.6

86.8

83.9

0.6495

2016

76.1

78.4

88.3

69.0

**0.0106

2017

76.6

79.0

89.6

69.6

*0.0163

2018

76.2

83.8

96.2

73.5

**0.0022

2019

75.0

81.5

87.8

81.0

0.3967

2015

MCA Reading Scores of Asian Fifth Graders
59.3
52.8
72.2
47.6

0.0818

2016

59.8

58.6

70.0

62.9

0.5976

2017

58.7

53.1

58.6

48.1

0.4353

2018

60.8

55.2

72.0

65.6

0.6092

2019

59.5

61.4

80.0

64.3

0.2096

2015

MCA Reading Scores of Black Fifth Graders
38.8
43.0
70.6
50.0

0.1858

2016

40.7

43.0

65.5

66.7

0.9275

2017

39.7

42.9

74.1

36.0

**0.0062

2018

41.1

38.6

74.2

36.7

** 0.0035

2019

41.4

41.2

75.0

70.4

0.6946

2015

MCA Reading Scores of Students Receiving FRPL
48.2
42.7
52.0
41.7

0.4311

2016

48.6

44.0

53.7

53.5

0.9854

2017

48.3

47.3

69.6

44.4

*0.0223

2018

48.4

46.0

71.4

56.1

0.1494

2019

46.9

45.1

71.4

61.1

0.4057

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

The null hypothesis failed to be rejected for Asian, Black, or students
receiving FRPL. While Black students did have statistically significant scores for
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two consecutive years and FRPL students had one year, there were not clear and
repeated scores that would support accepting the null hypothesis in either of those
categories. There was no statistically significant difference for the Asian students, so
the null hypothesis was accepted. The only category where the null hypothesis for
reading and race could be rejected was for the White students Three of the five years
there was a higher percentage of proficiency of students at the STEM-based school.
Since the statistical difference did not exist for all five years, rejection was done with
caution (Table 17).
District B: Wonder and Andrews.
Reading scores at Wonders and Andrews provide additional information on
student achievement at a STEM-based school compared to a traditional school.
Reading scores of Wonder and Andrews were compared using these hypotheses:
H2RC0: There is no significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary.
H2RCa: There is a significant difference between the MCA reading scores of fifth
graders at Wonder Elementary and Andrews Elementary.
H2RD0: There is no significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by
race or FRPL categories.
H2RDa: There is a significant difference between the MCA reading scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by
race or FRPL categories.
The null hypotheses for MCA scores was accepted for reading in District B.
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Fifth-grade students at each school performed at similar rates of proficiency on
the MCA reading test for four of the five years. When examining data by race or
FRPL categories, the null hypothesis was also accepted. There were not
consistent years of data to support that STEM-based programing raises reading
achievement scores for students at Wonder Elementary. Andrews had one year,
2016, where their students had higher rates of reading proficiency on the MCA
reading portion (Table 18). That same year students receiving FRPL at Andrews,
the traditional school, outperformed the students at Wonder Elementary (Table
19). In 2019, White students at Wonder outperformed the White students at
Andrews. There was no difference in the performance of Black students.
According to public data, there was no consistent pattern of statistically
significant higher reading proficiency scores between District B’s STEM-based
school and the traditional school over the past five years
Table 18
Percentage of Fifth Graders from Wonder Elementary and Andrews Elementary Scoring
Proficient on MCA Reading

Year

State

District

Wonder

Andrews

p-score

2015

66.7

73.0

65.8

74.0

0.2279

2016

67.7

73.4

59.4

72.4

*0.0412

2017

67.5

72.0

67.3

74.2

0.2842

2018

66.9

71.3

70.8

60.5

0.1297

2019

65.7

71.0

66.9

65.4

0.8266

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Table 19
Percentage of Fifth Grade Students by Race and Socio-economic Status from Wonder
Elementary and Andrews Elementary Scoring Proficient on MCA Reading
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Year

State

District

Wonder

Andrews

MCA Reading Scores of White Fifth Graders
78.3
78.9
80.0

p-score

2015

75.3

2016

76.1

78.3

69.2

72.5

0.7337

2017

76.6

77.1

78.0

69.0

0.3244

2018

76.2

77.8

80.0

69.6

0.2729

2019

75

77.3

79.1

56.4

*0.0216

2015

38.8

2016

40.7

56.1

42.1

68.4

0.0635

2017

39.7

57.4

72.7

73.3

0.9683

2018

41.1

55.3

62.2

53.3

0.5573

2019

41.4

55.4

65.8

68.8

0.8324

2015

MCA Reading Scores of Students Receiving FRPL
48.2
58.6
51.2
68.2

0.1079

2016

48.6

57.6

48.6

69.2

*0.0156

2017

48.3

58.2

54.5

70.5

0.0939

2018

48.4

56.4

61.4

47.9

0.1485

2019

46.9

55.0

54.7

53.7

0.9139

MCA Reading Scores of Black Fifth Graders
56.6
59.3
58.3

0.8574

0.9539

Note. 2019 Achievement data obtained from Minnesota Department of Education Report Card. A lower p-value provides more support for rejecting
the null hypothesis. *p < .05, **p < .01, *** p < .001

Standardized testing and its results are a public way to share data. Teacher
input about student achievement was also gathered from the interviews. The
information gathered related to teacher observations and student performance in the
classroom. While research question two specifically asked about state assessments,
interview participants wanted to talk about the learning and achievement observed in
the classroom.
Discover teachers were aware that test scores reflected strong learning at their
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STEM-based school. Discover Elementary uses a lottery system to fill its seats at the
magnet school and has had a waiting list of approximately 400 students every year,
according to school leaders and the MSC director. At Discover Elementary, class
sizes increase in second grade and in fourth grade. Second grade often gets 12 new
students every year. With 108 total students in second grade, that is approximately
12% new students every fall. Fourth grade reported getting a minimum of 12 new
students every fall. One year it was 20 new students. With enrollment topped at 120
students in fourth grade, at least 10% are new to STEM-based programming.
Teachers wondered if those students who did not participate in previous years of
STEM-based experiences have proficient MCA scores.
Teachers understand that test scores matter, but the Discover teachers were
more eager to talk about the excitement they see when students make connections or
find an answer to their own questions. “Seeing the love of learning and them wanting
to learn more on their own is more important than a one-day state test” was how one
teacher described it.
Wonder Elementary teachers were also keenly aware of their test scores. “I
know our scores aren’t great, but these kids are excited to learn and to do” was how
one Wonder teacher described the learning in her classroom. Staff at both buildings
expressed the need for those who make decisions to come and see the excitement in
the building when doing science or engineering lessons.

Summary of Results for Research Question Two
Comparing STEM-based schools to traditional schools yielded different
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results based on the district where each set of schools were located. In District A,
where Discover and Edison are located, statistically significant higher rates of
proficiency in mathematics scores were found for White, Black, or FRPL students for
at least three of the five years, but not for the Asian students it served.
In science, MCA scores for Discover Elementary students were at the highly
statistically significant level (p < 0.0001) over the course of the last five years. The
same was true for students who identify as White or participate in the FRPL program.
Black students had statistically significant higher rates of science proficiency four of
the five years; for Asian students it was true three of the last five years.
Reading results at Discover did not yield the same levels of proficiency.
Overall, fifth-grade students at Discover did have statistically significant higher
proficiency rates in reading than Edison, but analysis by race or FRPL identifiers
showed less success compared to science. Asian, Black, or FRPL students at
Discover were not outperforming similar students at Edison in the area of reading.
Comparison of reading scores between Wonder and Andrews showed no statistically
significant difference between the two schools.
District A’s data would support that integrated STEM-based instruction
correlated to statistically significant higher academic achievement scores in
mathematics, science, and reading. Conversely, in District B, data did not support
that STEM-based instruction raised achievement scores compared to traditional
school settings.
Findings for Research Question Three: Leadership
Information for research questions three, four, and five was collected through
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interviews with teachers and leaders at both STEM-based schools. Interviews were
conducted individually at a time convenient to the participant. All interviews were
transcribed and then coded into broad areas based on research question areas.
Research questions were similar for all participants (Appendix A) although
qualitative research allows for questions to be changes as themes emerge or
information is revealed (Creswell, 2014). Information from those broad areas was
then coded into themes based on recurring descriptions or phrases. Coding was done
horizontally to search for consistency from each participant and vertically to look for
repeated or common themes and language. An outside reader examined the
transcripts, the coding, and the process to address bias and to verify identified themes.
While research questions three, four, and five were three separate questions,
there was much connectedness between the three. Research question three asked, “To
what extent was district and building leadership involved in the transition to and
implementation of STEM practices in the magnet school?”
In both districts, the decision to become a magnet school was made by district
leaders and told to the staff. However, there was a marked difference in how the
STEM theme was chosen and how leaders included or excluded staff in that process.
Responses from both schools revealed a large difference in the level of ownership
staff felt in the process. How the implementation was planned and completed
differed greatly because of building and district leadership within each district.
Each principal also took a different approach to implementing its STEMbased programming. The early leadership at each school and district support varied
greatly between the two schools; interviews revealed the impact leaders had on
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making systemic change in teacher practices, teacher beliefs, and student growth.
Because of the much higher response rate of a variety of staff at Discover
Elementary, a more complete picture of the implementation and continuation of the
STEM journey was found. With only a few voices willing to share the journey of
Wonder Elementary, the story is limited. Current and previous school staff from both
schools shared joys and frustrations experienced during the implementation years and
in current years.
Under the leadership category, inclusive behaviors and exclusive behaviors
emerged as themes as each building implemented a STEM focus. Collaborative
behaviors included phrases like “with us, not to us” or “listening and responding to
our needs.” Exclusive behaviors were those where teachers felt as if building or
district administration did not provide explanation for decisions made. Because of
the higher number of interview participants at Discover Elementary, their story was
told in more detail than Wonder Elementary.
Early Leadership Behavior and Decisions at Discover Elementary.
When Discover Elementary’s principal learned they would become a magnet
school, Ms. Blattel included staff in the decision of what type of school it would be.
She had been the principal at Discover prior to the transition and recalled being called
into the district office and told, “We have an opportunity for your school. You will
be a magnet school next year.” She and the ground floor teachers interviewed
recalled the action this pronouncement set in progress. What was evident in the
interviews was that the building leader included teachers and gave them voice in the
process. Originally, District A leaders proposed a Montessori magnet but with input
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from Discover teachers and Mrs. Blattel’s advocacy and knowledge that “my teachers
were good math and science teachers” Mrs. Blattel proposed a math, science, and
technology magnet. She shared that in 2003-04 engineering was “not even on the
radar for teaching” in elementary schools. She felt strongly that building on what
teachers already did well and already knew was key to building a new and strong
program.
While the building had no choice about being a magnet school, Ms. Schutte
and Mrs. Hernandez recalled how Mrs. Blattel brought the idea to staff and then
organized school visits to see existing schools that had a mathematics or science
focus. After visiting different sites, the principal and teachers determined that
science, mathematics, and technology were the best option. This level of
involvement and voice of the teachers from the onset gave teachers a sense of purpose
and ownership. Ground floor and first floor teachers recalled how being involved
with early decisions regarding type of magnet school, curriculum choices,
instructional practices and strategies, choice of Curriculum Integration Coordinator
(CIC), and professional development made them feel included. Ms. Hernandez
described teacher involvement as, “We were part of it. We had a say in what we were
going to do, and Mrs. Blattel listened to us.” Ms. Schutte described Ms. Blattel as the
leader who “knew when to push us, when to pull us, and when to walk next to us.”
The principal participated in all professional development as a learner, not as a leader.
She made it clear to staff that this was new to her and they would forge the path
together. This inclusive leadership set a positive tone for the change that was to
come.
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As grants were written and ideas generated, classroom teachers were
consulted, and ideas included as the STEM program and curriculum was built in
incremental steps. The first CIC was an in-district employee who had relationships
with existing staff and experience with planning professional development. Regular
planning days throughout the school year and summers brought together different
teams to include multiple perspectives and voices in the implementation years.
Discover Elementary staff explained their leader supported and led an
incremental approach to a change in their teaching practices and curriculum. Mrs.
Blattel explained that in the first year of the magnet, she expected each grade level to
“plan and teach one big integrated unit” and then gave them permission to return to
the standard curriculum. She recalls several grade levels, after seeing the excitement,
learning, and growth during the one unit, asked her, “Can we do more?” Ms. Eliot, a
primary ground floor teacher, explained how grade levels had one planning day a
trimester and used those days to create new fully, integrated units based on science
standards.
Interviewed teachers shared that the CIC was available to assist with
instruction, but the primary responsibility for integrated STEM-based instruction was
on the classroom teacher. Those units continued to be altered to reflect changed
standards in science, technology, engineering, mathematics, and reading and writing.
Ms. Eliot reported how much excitement and learning occurred during those units.
She echoed Mrs. Blattel in how the incremental approach to change, during the first
three to four years of the STEM magnet school, led to changes in curriculum, but
more importantly, changes in teacher practices and student learning.
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Ms. Blattel shared how integrating curriculum was a need from the beginning.
As a leader she knew this because, “My teachers couldn’t do more; teachers’ plates
were already full.” But also, she explained, “Real-world application of skills is a
must. The reason for learning is to use it.” Important to Ms. Blattel and the ground
floor teachers was the use of technology for learning and sharing, not just “drill and
kill” of facts. Ms Fyatt, one of the CICs at Discover, discussed the importance of
authentic problem solving and the use of scientific materials and equipment in the
hands of the students as a critical piece of integrated instruction. “Students needed to
ask questions, plan how to answer, what they were going to use to answer, and what
the answers met. It was just good teaching and learning to have the subjects
connect.” Since the leaders believed in this integrated approach, they supported
teachers in trying new things. All interviewed teachers of grades two to five echoed
this strong belief in integrated instruction. Those who worked with Ms. Blattel in the
first seven years of the STEM program at Discover spoke highly of her support and
including them in decisions made.
Discovery also made a concentrated and conscious decision to change
terminology in how they referred to students. Mrs. Blattel and Ms. Fyatt recalled
staff meetings where specific decisions about language used were made. In separate
interviews both remembered the committed decision by all to call the students
“scientists and mathematicians, and later in the program, engineers” said Mrs. Blattel.
Ms. Fyatt felt like you could see students stand straighter and change their mindset
when those terms were used. At the end of the second year, Mrs. Blattel met with
upper grade students to get their input on the changes. One student told her, “The
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teachers used to just tell us things, now they ask us, and we get to find the answers.”
This answer reinforced to Mrs. Blattel that changes in teaching strategies and student
experiences had occurred. The incremental and supportive approach to change
proved to be critical to implementing changes in teacher and student practices.
Discover Elementary’s current leader, Mr. Medier, was an in-district transfer
following Mrs. Blattel’s retirement. Mr. Medier described himself as a supporter of
STEM-based programming but explained he did not feel there was as much freedom
to be different. Like the teachers interviewed, he felt the new district mandates about
curriculum and instructional practices provided less opportunity. Mr. Medier did not
feel he had the power to tell district leaders that Discover Elementary should look and
be different than traditional schools. The year prior to his arrival at Discover and in
subsequent years, District A underwent many changes in district leadership. By
2018-2019, all district leaders who were there when Discover Elementary started their
journey had left the district. This resulted in feeling there was little support or
knowledge about the magnet program from district leaders.
Discover teachers also shared the current disconnect from district leaders.
They feel unsupported when wanting to teach differently than the traditional
elementary schools within the district, as well as a lack of interest in what integrated
STEM-based instruction is at their school. One of the leaders, Ms. Krit, described her
frustration and feelings as “I have to fight to do what is right for kids at this STEM
school.” Ms. Fyatt echoed how hard it was to speak to the system for change but felt
“I had to because I am here to make a difference for the kids.” Ms. Rock, an
intermediate teacher, reported closing her doors and using STEM-based instructional
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strategies, rather than mandated scripts, and “hoping I won’t get caught.” Teachers at
Discover shared that strong leadership and the “excellent professional development”
in the beginning gave them tools to continue to be successful, even if they feel district
leaders would not support their practices.
Early Leadership Behavior and Decisions at Wonder Elementary.
Discover’s approach was in sharp contrast to how STEM was implemented at
Wonder Elementary. According to Ms. Schmeel and what she was told, there was no
discussion, no involvement from staff, and no opportunity to ask questions. She
reported many teachers told her they thought, “This is just another phase. It will pass
and nothing will really change.” Two teachers who joined in years five and six of the
STEM magnet program shared in interviews that they too thought “this is a phase”
with one adding, “I figured it (engineering focus) was on its way out as not much was
different from the school I came from.”
Information from ground floor teachers at Wonder revealed decisions were
made exclusive of their input. Teachers were not consulted nor were their ideas
considered once it was decided they would become a magnet school. Ground floor
and first floor teachers expressed thinking “this won’t go anywhere.” Additionally,
the first CIC was hired from outside the district and had to first work on building
relationships before delving into curriculum changes. This exclusive approach
alienated teachers in the beginning of the implementation process.
The hiring of the first CIC from outside the district emanated a feel of “here is
someone who can do what you can’t” for some of the teachers. As the CIC became
more involved and built relationships, teachers did see that person as an ally and
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someone who was working with them, not against them. Ms. Schmeel does not recall
being asked for much input on decisions made in those early years at Wonder
Elementary. She shared that some staff felt the change was “being done to us, not
being done with us.” There was limited professional development and while the
principal attended some of it, she was described as not being deeply engaged.
According to those interviewed, the principal was often absent, and some did
not feel she was fully invested in the change. As lessons by the CIC continued, some
teachers noticed higher levels of student engagement and did begin to implement
ideas or lessons independently in their classrooms. What appeared to be lacking was
clear expectations by the building leader as to what classroom teachers needed to do
or what integrated instruction could look like in their building. One teacher reported,
“We never really got anywhere in the beginning” when describing attempts at
curriculum integration.
In addition to the CIC teaching most of the lessons at Wonder Elementary,
this school used a departmentalization approach in grades four and five. Teachers at
these levels teach discrete and stand-alone subjects. The one intermediate teacher
who participated in the interviews was an English-Language Arts (ELA) teacher. Ms.
Randolph had extremely limited information regarding science, engineering, or
mathematics instruction happening at Wonder Elementary. She shared that on their
planning days, ELA teachers met with each other and not with other subject area
teachers. This approach makes “integrated instruction impossible” she said as, “I
don’t even know what they are doing.” She also shared that this approach was
changing for the 2019-20 school year; all classroom teachers would be generalist and
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teaching all subjects. Ms. Randolph expressed both hope and trepidation with this
change.
At Wonder Elementary, there was a change in building leadership and a
different CIC was hired after the first three years. The next principal and second CIC
continued with placing most of the STEM-based instruction on the CIC. Teachers
who joined Wonder Elementary in years three to five of the STEM program did not
feel that much was different from the traditional elementary schools they had left.
Ms. Tate, a primary teacher said the only exception was “going to the engineering lab
for our once a week lesson.” Those experiences were self-contained, separate from
other lessons and planned by the CIC with no teacher input.
Wonder Elementary had two principals before their current leader was hired.
The current principal was hired in year six of the STEM-based program. At the time
of this research Wonder Elementary had just completed its twelfth year of being a
magnet school. Two interview participants were there before the principal began and
three participants were hired after she started her tenure as principal. Teachers
interviewed reported how the current principal supports staff using engineering to
accomplish their instruction and meet standards. One primary teacher shared, “She
(principal) tells us to do just enough to check the district boxes but keep engineering
as the focus of what you do.” This is a markedly different approach than the previous
principals. Teachers at Wonder Elementary felt as if they were finally getting
permission to be the engineering school they were meant to be. The current principal
was new to STEM-based programming and has taken a slow but incremental
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approach to hands-on learning through their engineering units, allowing teachers to
adjust district curriculum to match engineering standards.
After her first year as principal, small changes began. These changes began
with primary classroom teachers taking on more instructional responsibilities related
to the engineering focus. No longer was it the sole responsibility of the CIC. When
possible, the principal also included teachers on curriculum choices related to the
engineering lens of the school and grade level standards. The adoption of PLTW was
done in steps. Rather than adopting all four PLTW units per grade level in one year,
they added two units at a time. This allowed for teachers to build skill and confidence
with the instruction. As teachers became more familiar with the content, two shared
how that led to more cross-curriculum integration and changes in their teaching
practices. One primary teacher explained it as, “I finally feel like we are becoming
the engineering school we say we are.” All participants spoke highly of the current
principal and her support for allowing them to teach differently and keeping the
engineering focus.
District Level Support of STEM Magnet Schools.
At the district level, different support and approaches were described in the
early years. According to the Minnesota Department of Education, both Discover and
Wonder began when there were less than 24 magnet schools in the state. Each district
had to create their own path as they developed these schools from within. District
leaders were contacted for interviews in both districts but only one person from
District A responded; there was no response from leaders in District B. The leader at
Magnet School Consortium (MSC) did participate in the interviews and could offer
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some background and information of each journey. The MSC leader was not
involved with MSC during the transition and implementation years but did have
knowledge of some of the history of each school.
District Support of Discover Elementary.
District A, where Discover Elementary is located, opted to receive grant
money through the Magnet School Assistance Program (MSAP) to help with
implementation. This grant required 90 additional hours of paid professional
development over its three-year span; teachers were required to attend an additional
30 hours of professional development each summer. School visits and evaluations
were part of this grant; schools had to be making visible and measurable changes in
curriculum, teacher development, and student growth. District A supported this work
by allowing the district curriculum specialists in each subject area to help with
integration ideas. Monthly meetings with Discover leaders and staff looked at
curriculum integration opportunities, materials to purchase, and opportunities for
professional development.
As this additional 30 hours of professional development was during the
summer and outside the regular school calendar, the district and the teachers’ union
agreed to a Memorandum of Understanding (MOU) for one year. Under this MOU
teachers at the magnet school who did not want to participate in this professional
development or did not want to be at the STEM magnet school, could access the
teacher transfer process with priority. Two teachers did opt to leave under this MOU.
Mrs. Blattel shared how important it was to get the right people on board to make the
changes. When making big changes and expecting different outcomes, getting the
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right people on board is crucial (Collins, 2005).
Involving the curriculum specialists from the district office felt supportive of
the efforts at Discover Elementary. Ms. Fyatt explained how they were “critical in
those early years as they helped us see how so many subjects and standards could be
met” through science. Ms. Hernandez and Ms. Schutte also participated in those
monthly meetings and recalled the work done on creating integrated units of study.
Those curriculum specialists were involved from January to July of the year prior to
becoming a STEM magnet school. It was during this time, the math, science, and
technology path was chosen, other schools visited, and the school leadership team
made of district leaders, building leaders, and teachers wrote the grant. The decision
to become a STEM magnet school was made before the grant was awarded. Mrs.
Blattel shared that the transition would have happened even without the grant, not just
because the district leaders mandated it, but that now the teachers believed in the
vision and the possibilities.
After the decision was made to become a STEM magnet school, the grant
deadline was immediate, so grant writing started. The ground floor teachers
recounted the inclusive leadership approach of Mrs. Blattel. Ms. Hernandez and Mrs.
Schutte both recall Mrs. Blattel appearing in their doorway to ask questions while the
grant was being written in the conference room. Questions asked included, “Can we
do this?” or “Is this a good idea to put in the grant?” Both teachers felt listened to as
they suggested changes or ideas. Without including the voice of her teachers and
respecting their ideas, “the change would not have happened” said Mrs. Blattel. This
inclusive approach to leading the change made teachers feel valued and excited to
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start the next year with a new focus.
District Support of Wonder Elementary.
Like Discover Elementary, the decision to transition Wonder Elementary to a
magnet school was made at the district level. Those interviewed were not at Wonder
Elementary in the year prior to the magnet program starting so some recounted what
they had heard or believed were the transition steps. Leadership was already in flux
when the announcement was made as the principal of the school had already decided
to retire. The first magnet school principal at Wonder Elementary was new to the
school and appointed shortly after the magnet school transition was announced. The
first CIC was hired from outside the district and began that summer. Wonder had
new leaders and a new program starting simultaneously.
District B had an opportunity to apply for a MSAP grant when they started
their magnet schools but chose to fund these programs themselves. The ground floor
teacher explained that the district wanted to fund it from the beginning to assure its
sustainability. The district used desegregation money from the state to help build the
program. Without the additional dollars and with new leaders, there was limited
professional development offered to teachers prior to the start of the first year.
Professional development in the first summer was one and a half days with a focus on
what inquiry lessons should include.
District support for the new program at Wonder Elementary came from one
district level person who was a teacher on special assignment (TOSA) to oversee the
new magnet schools starting in District B. The TOSA connected the initial CIC with
the elementary and secondary science curriculum specialists, provided professional
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development for the CIC, and helped the CIC with funding requests for materials and
planning days. District B’s response was described as “responsive and reactive, not
proactive.” The first year of the program teachers were resistant and did not feel
supported nor prepared to teach differently.
Following the first year of implementation, each grade level met for one week
during the summer to create one fully integrated unit. The expectation was that the
classroom teacher would teach these units. District B did provide funds to pay
teachers for this additional summer work. There was no different transfer process for
teachers if they wanted to leave the magnet school. Many of the teachers had been at
Wonder for 20+ years and felt “pride in their school” and were “slowly changing their
dispositions” about the engineering program, according to the ground floor teacher.
The first-floor teacher interviewed revealed that “there was not a ton of support for us
to be different” from the district level.
District Support of Current STEM Programming.
Staff from both schools described constraints put on them by current district
leadership and district level decisions. Comments like, “We do not have a choice
about …” and “We are told all schools in the district must…” revealed feelings of
unrest and frustration with past or current leaders depending on the building. An
exclusive behavior mentioned by all eight of the interviewed teachers at Discover
Elementary buildings and by three of the four at Wonder Elementary was the lack of
differentiated professional development for a school trying to be different.
While those responses were also coded under the area of professional
development, they also were coded under leadership. Many Discover staff felt the
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current building leadership team was responsible for this concern, often excluding
them from decisions made and not allowing input or discussion. Wonder teachers
expressed lack of support in the early years but felt their current building leadership
team is trying to continue with differentiated professional development. Three of the
four teachers felt their needs are now being considered and there is more inclusion in
some of the current decisions. Even though the schools are marketed as being
different, both sets of staff shared that district leadership seems unsupportive of
allowing autonomy at the STEM schools or allowing freedom to meet standards
through STEM integrated lessons. Staff expressed lack of support and understanding
of what STEM integrated instruction means by current district leadership.
One of the questions on the survey also asked staff to rate level of support
from the current building leadership team, current building staff, district curriculum
department, district leadership team, and parents in relation to the STEM program at
each school. Figure 5 indicates that currently all 18 teachers at Discover Elementary,
rated the current building leadership team as not supportive or somewhat supportive.
Both the district curriculum department and district leadership team also were
described as not supportive or somewhat supportive of the STEM-focused
curriculum. However, teachers feel very supported by their peers in the building and
by the parents regarding STEM-focused instruction. These findings were similar to
what was voiced in the interviews regarding current support around STEM-based
instruction and curriculum.
From Wonder Elementary a different perspective was found. Of the eight
surveys returned, six respondents rated the current building leadership team as quite
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supportive of STEM-based curriculum. Like Discover Elementary, there was a
feeling of less support from the district curriculum department and the district
leadership team. These concerns were also noted in the interviews with the staff from
Wonder Elementary. Interviews with Wonder Elementary did reveal that building
leadership at the time of implementation and change was not highly engaged with the
process or the staff during the transition, leaving staff to feel excluded in the process.
There were consistent messages and examples of inclusive and exclusive
leadership behaviors from both schools and the staff interviewed. While describing
exclusive behaviors in the interview, the majority of teachers from both schools
expressed frustration with district leadership teams and district curriculum
departments making decisions that negatively impact their STEM-based instruction.
Summary of Results for Research Question Three
Building and district leadership was categorized as inclusive or supportive
compared to exclusive or unsupportive as each building implemented STEM-based
programming. The inclusive or supportive building leader included teachers on
decisions made, participated in all professional development opportunities,
understood and supported the need for teachers to teach differently. Inclusive
behaviors for sustaining the STEM-based curriculum encompassed those behaviors as
well as supporting and looking for professional development related to current STEM
programming and giving permission for teachers to teach differently than current
district mandates.
Findings for Research Question Four: Professional Development
Professional Development was another category of research during the
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interviews. Research question four asked, “What changes in professional
development have occurred in elementary schools that have transitioned to
elementary STEM magnet schools?”
Professional Development at Discover Elementary.
Professional development in the initial years was approached very differently
between the two buildings. What emerged as the theme at Discover Elementary was
deep and meaningful professional development that all staff, including the principal,
attended. This initial professional development on inquiry and STEM required an
additional 30 hours during the summer before the STEM program started and was
provided by an outside entity. Professional development was focused on
implementing STEM instructional practices such as inquiry, investigations, creativity,
science notebooks, gathering, interpreting, and using data to reach conclusions. One
staff member described it as, “We were doing what the kids would be doing. It
wasn’t a sit and listen thing.” This type of professional development was sustained at
Discover over the course of the first three years and continues to some degree today.
The Discover ground floor teachers were consistent in how vital that experience was
in changing how they teach. Teachers described it as proactive; they had a lot of
knowledge and experience with new tools before the first day at the STEM school
began.
Discover Elementary teachers had 90 hours of professional development over
the course of the first three years of their transition that focused on inquiry and
STEM-based instruction. Additionally, their building staff development time
throughout the year included professional development on integrating science,
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mathematics, and technology with an emphasis on concepts and meeting standards.
Those days provided another 12 -16 hours per year. Those additional hours focused
on teaching through inquiry, implementing science practices, the use of student
science notebooks, integrating curriculum with intention, and application of practices
in real-world settings. Staff were still required to attend the professional development
offered by the district to all elementary teachers.
Leaders involved in the planning of this initial professional development
shared the common belief that staff development was operational-based, but
professional development was growth-based. They wanted growth-based
opportunities for teachers; opportunities that would “nudge teachers into being the
role of learner” said Ms. Fyatt. Also key to professional development was for
teachers to speak a common language, build confidence, and provide the instructional
skills to implement new practices into their classrooms. Practices that would develop
students to think like scientists and engineers and work to solve real-world problems.
Leaders during those early years at Discover were not only intentional about
what topics were covered in professional development, but also the logistics of the
professional development days. The intent was to have teachers come and be ready
to learn. “We didn’t want teachers to think about anything except what they were
experiencing,” Ms. Blattel shared. One simple decision to support that was to provide
a catered lunch every day, as well as morning and afternoon snacks. While a simple
decision, interviewed teachers who attended those 90 hours all mentioned having
lunch provided and being treated as if their presence mattered. All licensed staff,
including special education staff, teachers of English Language Learners, academic
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support teachers, music, and physical education teachers along with all classroom
teachers were expected to attend and participate. It was a whole building, “we are
ALL in this together” mentality with expectations that all teachers would make
instructional changes to support the STEM theme. Those decisions and expectations
helped teachers be ready to try different methods when school began.
The principal attended all professional development at Discover Elementary.
She was there as a full participant, listening and learning next to the teachers. Ms.
Blattel explained she made it a point to “not do principal work” during that week.
She knew nothing about inquiry or integrated learning, so knew she needed to learn in
order to be able to lead. Teachers who worked under Ms. Blattel mentioned how she
participated in all summer professional development opportunities as a peer, not as
their boss. This early professional development was designed to give teachers the
skills to lead integrated, inquiry-based science lessons on their own. While the CIC
supported teachers with instruction in the beginning, leadership believed the
sustainability of the program would only happen if classroom teachers took on the
work. Offering deep and meaningful professional development equipped teachers to
teach inquiry-based lessons in their classrooms and integrate other subjects through
the science lens.
In 2004 few STEM elementary schools existed in Minnesota so using outside
experts was necessary. Some outside agencies involved include the Science Museum
of Minnesota (SMM), University of Minnesota, Augsburg College, and area
businesses with an engineering or scientific connection. Because of the grant money,
Discover Elementary had the funds to hire outside groups and offer week-long
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professional development during those first three years. This early professional
development provided experiences for the teachers, making them learners to
understand how inquiry worked to engage the mind. It was ongoing and gave
teachers time to try new practices and get support throughout the year.
“That professional development in those first summers impacted the language
I use with my students and how I teach,” shared Ms. Schutte. Ms. Hernandez recalled
how as teachers, “We did things. It drove us to want to change what we do. We did
more inquiry and integrated curriculum.” Ms. Eliot also recalled how this early
professional development helped her see the value in letting kids explore and find the
information on their own and develop those critical thinking skills. Mr. Carey, a firstfloor teacher, was hired after the first two summers so only attended one 30-hour
week before the third year of the magnet program. He also mentioned how the
professional development he had during that one week provided instructional
strategies that changed his teaching.
All ground and first floor teachers and leaders from Discover Elementary that
were interviewed mentioned this early professional development as pivotal in
changing how they taught students. Many mentioned how letting students ask the
questions and find the answers, rather than dispensing the facts, made learning more
meaningful to the students.
After the grant ended, Discover Elementary continued to have additional
professional development in the summer. It dropped from five full days, to four, then
three and is now only two full days. Teachers are still paid to attend but participation
has dropped over the years. In recent years building leadership changed and the
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summer professional development no longer “feels as valuable” said one teacher who
no longer participates. Teachers hired in the last five years report looking forward to
the extra professional development in hopes would better equip them to teach at the
STEM magnet school. They expressed frustration with not having the deep
professional development offered originally. They reported relying on team members
or other staff to provide information but felt as if they were missing foundational
pieces.
Most (83%) of the intermediate teachers at Discover Elementary participated
in professional development offered by Math and Science Teacher Academy (MSTA)
at a local ECSU (Educational Cooperative Service Unit). This professional
development focused on mathematical concepts and reasoning, not a scripted
curriculum. It required a full day’s attendance every month from October – May with
expectations to teach and practice the skills learned. The MSTA sessions provided
another 48 – 56 hours of deep professional development for the participating teachers
in the 2009 – 10 school year. Ms. Hernandez said, “It was the best professional
development I ever had and significantly changed my teaching. I became a better
math teacher.” Ms. Schutte, Ms. Rock, and Mr. Carey, intermediate teachers who
attended and were interviewed all mentioned how this professional development gave
them better skills as a teacher. The professional development was not focused on a
curriculum, instead it taught strategies to teach students to think like mathematicians.
Ms. Rock explained it helped students “to problem solve and use math in real-life
situations. It was real.” All interviewed intermediate teachers felt that their MCA
mathematics scores in 2019 were not as strong as previous years and that the recently
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adopted curriculum made it harder to integrate instruction to meet standards or to use
the MSTA strategies learned.
As of July 2019, there had not been extensive professional development on
inquiry, NGSS practices, or mathematical thinking to staff hired in the last eight
years. Second floor teachers at Discover were hired after the 90 hours of required
professional development in the first three years. Teachers interviewed expressed a
need to know more about how to integrate and intentionally meet standards. They
relied on other team members and the curriculum or technology specialist for help.
Some described their professional development is coming in “bits and pieces” and did
not feel that professional development has been deep enough to impact their
instruction. These responses were markedly different than the ground floor or the
first-floor teachers.
Current leaders expressed frustration with trying to tailor professional
development to STEM needs but having less freedom do so based on district
initiatives and mandates. All Discover teachers and leaders shared that district
mandates and requirements impact how building professional development time can
be used; there is less choice in what can be done. As the additional summer
professional development is now funded from district resources, there is less freedom
in designing professional development specific to school needs. Rather, it must meet
district specified criteria.
The district leader interviewed held the view that professional development
must have the same content and be “consistent and viable” across all elementary
schools within District A. One teacher summed it up like this, “Most of our
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professional development is not very professional. It does not respect what we do or
want.” Another shared, “We need to return to our STEM focus. We are charged with
being different yet are given the message (from district leaders) that we need to do
this the same, and this the same, and this the same.” All current teachers and leaders
at the building level expressed the need for more autonomy to determine professional
development needs specific to the STEM program and the connection raising student
achievement. Concern was voiced that the current approach excludes and does not
support a building that is tasked with offering different instruction.
Professional Development at Wonder Elementary.
At Wonder Elementary early professional development was described as more
reactive than proactive. Although Wonder knew the year prior to the start of their
magnet school, and hired their first CIC in May, there was limited professional
development offered to teachers before embarking on their STEM journey. Teachers
had a half-day overview in the spring and participated in one and a half days in the
summer before the first year of their STEM program began. This short time provided
information about what inquiry was and what integration could look like. The ground
floor teacher reported staff did not feel prepared or informed on how they were to
teach differently or how to change their practices. Many did not make any changes in
that first year as they were unclear as to what changes they should be making. The
lack of professional development left teachers feeling unsupported about what inquiry
was or should be in their classrooms.
District B chose to fund the magnet school on their own and this did limit the
money available to hire from outside the district. Reports from staff who worked
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under the first principal shared that her interest in the program and school appeared to
wane in the second and third year. The CIC became responsible for teaching staff
about integration, engineering, and inquiry through team meetings, modeling, and
meeting with interested staff. Entire staff professional development was very limited
and as described through the interviews as being done “in bits” and addressing needs
as they arose. It was often specific to a grade level or teacher when questions were
asked.
This approach was quite different than Discover’s approach. Without clear
expectations or professional development to support teaching differently, some
teachers made changes while others did not. Much of what was learned in those early
years came from the new CIC and was accomplished by watching the CIC teach a
lesson or co-teaching with the CIC. Some teachers saw value and excitement in the
lessons modeled by the CIC and started to add centers to their own classrooms to
allow engineering opportunities to occur. Other teachers went to the engineering
space once a week and did not make connections to curriculum or offer additional
opportunities for their students.
Teachers who were hired after the first two or three years received one day of
inquiry training. Ms. Johnson, a primary teacher for the past six years at Wonder
Elementary shared that for one day she was “immersed in learning what inquiry was”
but had nothing after that day nor much support to implement. She saw engineering
as a stand-alone subject taught by someone else during her first few years at STEMbased magnet school. With that approach, she did not feel a strong need for more
professional development about engineering practices or integration. With science
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being taught by a district assigned itinerant teacher, she had the same feelings about
professional development related to science practices. Another teacher, with seven
years at Wonder, felt she needed more professional development when she started
and continues to want to learn more integration and opportunities for her students.
The limited professional development offered at Wonder Elementary did not provide
teachers with tools or skills to make changes in their instructional practices during
that first year.
After the first year, summer professional development opportunities were by
grade level. It was not described as development of professional skills as much as it
was rewriting one unit of study to be fully integrated. There was resistance and
resentment by some teachers to this extra week of work even though it was paid time.
Each grade level met at different times during the summer; there was no whole school
professional development opportunities where all teachers experienced learning of
new skills together. These weeks were facilitated by the CIC, and the principal was
not involved with these changes. The limited involvement of the principal during the
transition also led teachers to believe that changes in instructional strategies were not
a priority. Some staff interviewed alluded to how this set the tone for many,
themselves included, to not invest in the change in the early years. Due to a
combination of district and building leadership decisions in the early years,
professional development was not extensive at Wonder Elementary and did not offer
ongoing support for changes in teacher practices.
Like District A, District B also has initiatives and programs that staff are
required to implement. Similar messages of having less autonomy over professional
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development were heard from current teachers at Wonder Elementary. It was
expressed that it feels like a “fight over time” with the district when “we want to plan
our own professional development.” On days when buildings can plan their own
professional development, the time is limited, and professional development was
described as “mini-scoops” of what teachers need. They also must submit their
professional development plan to the district office for approval as it needs to support
the district’s strategic plan. Wonder Elementary tries to provide professional
development from within, calling on teachers who have been successful to share the
what or how of what they do.
With the adoption of PLTW at Wonder Elementary, teachers must complete
required training from the PTLW publishers. This has built a deep understanding of
the goals of PLTW. In addition, planning days for each grade level have begun to
focus on how engineering can be integrated. Professional development currently
focuses on what is needed to achieve integration of PLTW topics and to successfully
teach those units. Ms. Tate, a primary teacher, mentioned the Professional Learning
Community (PLC) time as an opportunity to share professional development with
other team members. However, she added that although PLC time includes time for
science and engineering, it was only discussed “after ELA and math as those are our
priorities.” Current professional development continued to be described as reactive
rather than proactive at Wonder Elementary.
While only two ground floor teachers participated in the interviews, both
expressed that the professional development was minimal. Because there was not
much professional development or principal involvement one participant described
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thinking it was a “phase that would pass.” The first-floor teacher did not feel
pedagogy or instruction was much different at the STEM school than a traditional
school. The second-floor teachers, who joined the staff within one year of the current
principal, felt there was, and continues to be, attempts to focus their limited building
professional development time on their STEM curriculum. The first and second floor
teachers also expressed professional development has changed and is more reflective
of their engineering focus than under prior principals. Like the Discover teachers,
Wonder Elementary teachers also feel that buildings have less autonomy in deciding
building professional development opportunities. Most of their professional
development is district driven and district decided. All Wonder teachers do feel that
this current approach, although limited, is more proactive, allowing teachers to
receive some professional development before teaching new STEM units.
This proactive or reactive approach to professional development emerged as
differences between the two buildings in the early years. In later years, both
buildings felt that less professional development, specific to their needs, was being
offered. Comments about “having to do what all the other elementary schools do”
were made in relation to current professional development in each district.
Summary of Results for Research Question Four
Deep, meaningful professional development specific to STEM teaching needs
was more effective in making changes to teacher practice and student learning
opportunities in the implementation years. Along with the deep professional
development was the level of involvement by building leaders. When the leader was
not deeply involved, staff did not feel it was a priority. Sustaining the deep and
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meaningful professional development through the early years was critical to the
development of Discover’s STEM-based programming during the implementation
years. Wonder’s current effort to implement and sustain professional development
around STEM-based programming has increased the level of integration around
engineering concepts.
Findings for Research Question Five: Student Engagement
Despite the frustration expressed by staff around recent professional
development, both buildings described high levels of student engagement in the
science or engineering activities. Research question five asked, “How has student
engagement changed since the implementation of STEM practices?”
The researcher asked participants about changes in student engagement since
becoming a STEM school, differences between a STEM lesson or a traditional lesson,
and to compare learning at the STEM school to their traditional school experience.
All teachers at both schools mentioned high levels of excitement and student
participation during investigations or engineering design activities. Clear themes that
emerged were “student-centered” and “hands-on opportunities” during these lessons.
Application of content was mentioned as a key piece of this process, “the kids see the
reason for learning” was how one teacher described it. Most teachers had traditional
school experience and could compare the two different approaches.
Descriptions of student engagement was mentioned by all teachers and leaders
interviewed at Discover Elementary. The primary teachers spoke about how natural
curiosity is part of childhood and learning. A primary teacher new to Discover in the
2018 - 19 school year shared she thought an engineering activity would be chaos but
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was impressed with how on-task and engaged her primary students were. “It was
noisy, but they were focused, as they created and tested and improved” their design.
Two of the teachers interviewed have children enrolled in other schools in District A.
One talked about how her child “watches the teacher do the science, but our students
get to do the science.” Another expressed sadness for what her own child is missing.
Allowing students to plan their own investigations based on their questions and
understand how to use information found are key to student engagement. Ms.
Schutte, the intermediate teacher said, “Silos of instruction are too intensely boring
for these kids” and that integrated instruction gets students to come alive as they see
the purpose for learning.
For primary teacher Ms. Eliot, the integrated curriculum gives students a
purpose for wanting to learn and helps keep them engaged. She tells of struggling
readers who want to get better at reading so they can be the expert on the science
content. A question posed or a fact learned sets the student down the path of wanting
to learn more. An intermediate teacher told a similar tale of student with a reading
level two grade levels behind who set a goal of becoming a good reader because one
of the units intrigued him. He wanted to learn more because of his fascination with
the science concept. Similar stories were heard from leaders of students making
connections from what was learned in school to events or observations occurring
outside of school. Without prompting, students bringing in something they created,
found, or researched to provide more information to classmates. Teachers expressed
the joy in seeing students ask questions and seek answers in other subject areas and
other settings.
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Teachers from Wonder Elementary had similar observations about students
during their engineering units. The project-based learning captivated students and
they actively participated. Primary teachers described the excitement by students as
they asked questions to learn more or engineered a possible solution for the presented
problem. The environment changed and kids were more focused when involved with
the hands-on pieces. “You can see them making the connections between the ideas
and their solution,” said one teacher. All interviewed participants from Wonder
spoke of the excitement students had during their engineering units.
Student interest in learning to read was also noted to increase at Wonder
Elementary. Both primary teachers interviewed felt that when kids were interested in
the engineering concept or the problem presented, there was motivation to read and
learn more. Students were motivated to learn more information in order to improve
their solution or offer other ideas to group members. For some students who
struggled academically, they could shine in the engineering challenges. Engineering
gave all students an opportunity to be successful, leading to higher engagement,
teachers reported. “It captivates students,” said one teacher when explaining
engagement during project-based learning and engineering challenges. All staff
interviewed at Wonder had had experience in non-STEM schools. All felt there was
higher levels of engagement by students when involved in an engineering STEMbased lesson.
Staff at both STEM-based magnet schools talked about the skills that cannot
be tested. Skills like collaboration, compromise, and cooperation were frequently
mentioned by many teachers. Those are necessary skills as the world has become
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more connected (Friedman, 2011). Several teachers intentionally created grouped
seating for students because of the highly collaborative nature of the STEM-based
work.
Along with those skills was the students’ ability to persevere and try again.
When the first design fails, students try again and again. “Kids are okay taking risks”
said one teacher. Others voiced similar observations that the practices used in the
classroom have made it safe for the students to try new things or ask questions to
learn more. The teachers were acutely aware that their test scores may not be “good
enough” or that “not all kids are proficient” and know that published test scores get
attention. While unmeasurable on standardized tests, the pride in how students learn,
work together, and stay engaged was evident in teachers’ interviews.
During the interviews, another theme that emerged was “teaching style and
classroom management” needed to facilitate this high level of activity and studentcentered learning. For many of the teachers shifting from being the one with all the
answers to letting students find the answers was an adjustment. Through professional
development opportunities or mentoring from experienced STEM teachers, staff
learned to ask open-ended questions, let students’ questions guide the learning, and
moved to more collaboration and group work. Teachers described noisier classrooms
than the non-STEM setting and letting students discover the answers rather than
telling. Most mentioned the importance of classroom management skills that teachers
must possess if students are working in small groups to find answers or create
solutions. “Noise and movement with a purpose” was how one described it. For
those teachers who came to the STEM magnet school from a traditional school, many
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acknowledged it was a dramatic change for them but also appreciated the hands-on
learning they were facilitating.
Summary of Results for Question Five
Student engagement was reported to be higher when students were involved in
STEM-based, hand-on activities at both schools. Teachers reported the science or
engineering concept often motivated students to learn more. Primary teachers felt
that it was a natural way for students to learn. Children are naturally curious and
allowing them to explore to find answers or test their answers kept students on-task
and engaged in the learning.
Summary
Teachers at Discover Elementary and Wonder Elementary self-report using
instructional practices aligned with NGSS at about the same rate. While one school
promotes science as its lens for integration of content and the other promotes
engineering as the focus, the SIPS data supported students using science and
engineering practices at similar rates at both schools. Interviews revealed that
teachers felt their instruction and pedagogy has changed in their STEM classrooms.
Those changes have led to higher student engagement as reported by interview
participants.
The impact of STEM programming related to academic achievement as
measured by MCA scores of fifth graders was different between the two STEM-based
magnet schools. Students at Discover Elementary had statistically significant better
scores in mathematics and science compared to a similar traditional school within the
same district. However, students at Wonder Elementary did not perform better than
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students in a traditional school within the same district. STEM magnet teachers
reported that they believe students have more opportunity to problem solve and are
required to use collaborative and cooperative skills more often than students in
traditional school settings.
Leadership in both buildings and districts impacted the early years of
implementation and change in programming. Higher levels of inclusiveness of
teachers by the leaders created deeper levels of change by teachers. Support by
district leaders and district departments to teach differently also supported the
implementation of STEM programming. The loss of that support or excluding
teachers from program decisions directly impacted the level of change in curriculum,
instruction, and pedagogy.
The two buildings approached early professional development in opposite
ways. At Discover Elementary a 30-hour, week-long professional development
opportunity was required of all licensed staff before the first year of being a STEM
school happened. This gave all staff the knowledge of what would be different and
pedagogical tools to use with students. Conversely, Wonder Elementary did
professional development in small amounts or by grade level only, so staff reported
they did not experience new learning together or as deeply.
Both schools reported higher levels of student engagement during STEMbased lessons. For Discover teachers, the integrated units helped students see the
connectedness and stay engaged across subject areas due to the science focus. At
Wonder teachers observed students being more engaged as they engineered solutions
and felt that it gave an opportunity for all students to shine.
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Chapter V: Discussion, Implications, and Recommendations
Overview of Study
This mixed method study was completed to determine how schools
transitioned from being traditional elementary schools to STEM-based magnet
schools. The journey to implementation and sustaining STEM-based programs at two
different schools in two adjacent districts revealed the approaches and results for each
building. Both schools are marketed as providing science or engineering through
integrated, hands on and real-life problem-solving opportunities.
With limited research on elementary STEM programs and their effectiveness
(Chiu et al., 2015: Hansen & Gonzalez, 2014), this research provided data to describe
how two schools established and continue with STEM-based programing. Data
analysis also determined if STEM-based elementary schools positively impact student
achievement when compared to demographically similar, in-district traditional
elementary schools.
Discover Elementary and Wonder Elementary both began their magnet
journey for the same reason of addressing racial imbalance within each district. Both
are K-5 settings, have been magnet schools for more than ten years, serve a racially
diverse set of students and have more than 35% of their students receiving
Free/Reduced Price Lunch (FRPL). Neither had a choice in becoming a magnet
school but were told from district level leaders they would be a magnet school.
However, how each school approached this mandate was different. The story told by
each school revealed different processes with different results. Both stories unfolded
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as they were told and will continue to unfold if each school remains on their STEMbased path.
This research sought information and data to answer these research questions
and to determine acceptance or rejection of null hypotheses of the quantifiable portion
of this study.
RQ 1: What instructional practices are used by teachers in STEM magnet
schools? How do teachers describe their practices?
RQ1a: Is there a significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school?
For RQ1a both null hypotheses were accepted.
H1A0: There is no significant difference between Discover Elementary and Wonder
Elementary in the frequency or use of the science and engineering practices at each
school.
H1B0: There is no significant difference between the frequency or use of specific
science and engineering practices used by teachers at Discover and Wonder
elementary schools
RQ 2: How are fifth grade students from a STEM magnet school performing
in mathematics and science on state assessments compared to a traditional school of
similar demographics (race and socio-economic status) within the same school
district?
The rejected null hypotheses for question two were:
H2MA0: There is no significant difference between the MCA mathematics scores of
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fifth graders at Discover Elementary and Edison Elementary.
H2MB0: There is no significant difference between the MCA mathematics scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
H2SA0: There is no significant difference between the MCA science scores of fifth
graders at Discover Elementary and Edison Elementary.
H2SB0: There is no significant difference between the MCA science scores of fifth
graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
Null hypotheses accepted for question two were:
H2MC0: There is no significant difference between the MCA mathematics scores of
fifth graders at Wonder Elementary and Andrews Elementary.
H2MD0: There is no significant difference between the MCA mathematics scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by race
or FRPL categories.
H2SC0: There is no significant difference between the MCA science scores for fifth
graders at Wonder Elementary and Andrews Elementary. (Table 13).
H2SD0: There is no significant difference between the MCA science scores of fifth
graders at Wonder and Andrews when examined by race or FRPL categories
For the qualitative portion of this research, information was gathered through
interviews to find data for these research questions:
RQ1: What instructional practices are used by teachers in STEM magnet
schools? How do teachers describe their practices?
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RQ 3: To what extent was district and building leadership involved in the
transition to and implementation of STEM practices in the magnet school?
RQ 4: What changes in professional development have occurred in
elementary schools that have transitioned to elementary STEM magnet schools?
RQ 5: How has student engagement changed since the implementation of
STEM practices?
Teachers completed survey items ranking their implementation of and student
use of Science and Engineering Practices (SEP) as described by Next Generation
Science Standards (NGSS). In addition, teachers and administrators participated in
interviews to describe classroom practices, the impact of professional development in
implementing and sustaining STEM programming, the role of building leaders in the
process, and their perceptions of student achievement and engagement.
Although the first research question in this study centered on practices, some
details about each building’s leadership must be addressed because of the leader’s
role in what happened and how it happened in each school. The principal’s
leadership approach had a direct impact on how the program change was received by
staff, which in turn impacted the implementation and sustainability of STEM-based
programming at each school.
The interviews with teachers at both schools quickly revealed that the
principal’s response and actions during the time of transition and implementation
influenced how each program developed. Their behavior and decisions impacted
teacher practices, professional development, and instructional strategies in the
beginning years as well as subsequent years. How the building principal responded to
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the mandate, involved teachers, chose professional development, and supported
curriculum and instructional changes helped set the trajectory of the STEM program
in the initial years. The Committee on Highly Successful Schools or Programs for K12 STEM education (2011) identified effective teacher practices and strong
leadership as one of the four elements found in successful STEM schools (NRC,
2011). The role of the leaders at each of the magnet schools influenced how
programs began and the level of buy-in from the teachers.
There was a much higher rate of participation by staff at Discover Elementary
than Wonder Elementary. Consequently, a more complete picture of Discover
Elementary’s journey to STEM-based programming was revealed. Conclusions
drawn from the interviews represent a limited view of the transition, implementation,
and continuation of each school’s STEM-based programming, including professional
development and instructional strategies.
Conclusion for Research Question One
RQ 1: What instructional practices are used by teachers in STEM magnet
schools? How do teachers describe their practices?
To quantify the practices, the sub-question asked was:
RQ1a: Is there a significant difference between Discover Elementary and
Wonder Elementary in the frequency or use of the science and engineering practices
at each school?
Analysis from the Measuring Science Instructional Practices Survey (Hayes,
et al., 2016) support accepting both null hypotheses for RQ1a.
H1A0: There is no significant difference between Discover Elementary and
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Wonder Elementary in the frequency or use of the science and engineering practices
at each school.
H1B0: There is no significant difference between the frequency or use of
specific science and engineering practices used by teachers at Discover and Wonder
elementary schools.
The recent publication of A Framework for K-12 Science Education (NRC,
2012) and Next Generation Science Standards ([NGSS] NRC, 2013) called for
changes in science education. One of the three dimensions from The Framework
(NRC, 2012) is the use of science and engineering practices (SEP) in science
education. These practices are the skills and actions used by scientists and engineers
as they ask questions and find or design solutions. Using these practices in terms of
content and context in real-life application, rather than memorizing steps, was
identified as necessary to help students know and use the skills in daily life and future
careers (NRC, 2012).
Both schools are marketed through websites, publications, and school tours as
using integrated instruction and inquiry or hands-on approaches to problem solving
through a science or engineering focus. To determine the frequency of science and
engineering practices used at each of the STEM-based magnet schools, teachers selfreported how often students had the opportunity to apply the practices as defined by
Next Generations Science Standards (NGSS, 2013). These eight practices are one of
the three dimensions identified by NGSS as to what students should be doing in
science and engineering classrooms.
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On average teachers indicated that students use SEP once to twice a
month, except for modeling which was ranked rarely. While data from the
SIPS tool supported both null hypotheses, it did not accurately reflect how
often SEP were used in the schools. One concern when interpreting the SIPS
results was how science is taught in each school and how those approaches
were reflected on survey.
Interviews with the Discovery Elementary teachers revealed that they
underrated their actual use of SEP in their classrooms. The SIPS tool asked
teachers to rate the frequency of SEP during science class. Because of their
integrated instructional approach, teachers used SEP throughout many parts of
their day. While some teachers have a discrete science time, the blending of
subjects was found throughout parts of their day. Their use of integrated
instruction and curriculum revealed the use of these practices across other
subject areas and not just in science.
At Wonder Elementary, science was taught by itinerant specialists in
grades K-3, and classroom teachers were not aware of how science was
taught, or practices used during that time. In grades four and five, a
departmentalization approach is used for discrete subject instruction. No
Wonder Elementary science teachers participated in the interviews so use of
SEP in science classes could not be reported. SEP are used during the PLTW
units taught by the classroom teacher, and their use in other subject areas,
most often mathematics, was mentioned. With no participation from the
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Wonder Elementary science teachers and a small participant sample of
classroom teachers, data regarding the use of SEP was limited.
Teachers from both buildings underrated their use of models on the
survey. The SIPS data showed teachers self-reporting using models only
rarely. However, interviews with teachers reveal models are used much more
frequently than reported on the SIPS tool. The three questions asked on the
SIPS tool about developing and using models were,
How often do your students do each of the following in your science classes?
•

Create a physical model of a scientific phenomenon (like creating a
representation of the solar system).

•

Develop a conceptual model based on data or observation (model is not
provided by textbook or teacher).

•

Use models to predict outcomes. (Hayes et al., 2016, p. 160)
Teachers interpreted models to be 3-dimensional representation of

objects that teachers show, and students manipulate. When describing their
classroom and student practices, interviews revealed models, in a broader
sense, are used quite often. At Discover Elementary, Thinking Maps,
scientific diagrams or drawings, creating objects through 3D printing or
building were some examples of models often used by all teachers. At
Wonder Elementary, models were often used during PLTW units as students
examined or created solutions to problems. Teachers mentioned students
using models in mathematics and reading to solve problems.
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This narrow definition of what models were implied that teachers would
benefit from additional professional development and exposure to SEP as explained
by NGSS. Models can also include drawings, diagrams, replicas, dioramas,
dramatization, storyboards, computer simulations, and concrete representations of
concepts or objects (NGSS, NAP, 2013).
Teachers at both schools used the term “inquiry” to describe investigations.
Both schools started their STEM-based magnet programs under the 2004 Minnesota
science standards where scientific inquiry was a standard at all elementary grades. It
was after the publication of Science for All Americans (AAAS, 1989) and the
sequence of learning goals outlined in Benchmarks for Science Literacy (AAAS,
1993) when changes in science instruction began to happen. With the development of
the National Science Education Standards (1996), inquiry was the term used for
science instruction. Discover Elementary started its magnet school program with a
mathematics, science, and technology focus in September 2004, before the
publication of Taking Science to School in 2007 (NRC, 2007) and Ready, Set Science
in 2008 (NRC). Wonder Elementary began its magnet school in September 2007.
When these schools began their journey impacted the language teachers used to
describe practices used in the classroom.
Instructional Practices at Discover Elementary.
When asked to explain what students do in an “inquiry lesson” teachers at
Discover Elementary described students asking questions, planning investigations,
gathering data and interpreting the data to reach a conclusion. This definition closely
matched the National Science Education Standards from 1996 (NRC, 1996).
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Although teachers used the term “inquiry,” a word used during much of their early
professional development, they also described using Science and Engineering
Practices (SEP) as explained in NGSS (NRC, 2012). NGSS lists eight Science and
Engineering Practices students should apply during science instruction (NRC, 2012).
Those practices are 1) asking questions (for science) and defining problems (for
engineering), 2) developing and using models, 3) planning and carrying out
investigations, 4) analyzing and interpreting data, 5) using mathematics and
computational thinking, 6) constructing explanations (for science) and designing
solutions (for engineering), 7) engaging in argument from evidence, and 8) obtaining,
evaluating, and communicating information.
The fifth-grade pollinator study on bees and habitats required students to
suggest solutions based on data gathered during student driven investigations. Both
fifth grade teachers mentioned developing the skill of argumentation through this
project. “They need to understand their data and the dire straits of the pollinator to
advocate for environmental change,” said Mr. Carey. A fourth-grade teacher
describing the year-long water study that focused on macroinvertebrates and healthy
lakes, summed up that experience as, “It’s real. They are using authentic scientist
tools, looking at data to determine lake health, and then reporting it on their own
website. They are defending their conclusions with facts. They are scientists.” The
eight NGSS practices were interwoven into both units. The content areas of
mathematics, reading, and writing were also specifically addressed in these integrated
units. STEM-based instruction requires integration of content and context into what
students are learning, making the learning relevant (Stohlman, Moore & Roehrig,
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2012; Vasquez et al., 2012) and connected to expected student outcomes (NAS,
2014).
Discover Elementary uses science as the lens for its STEM-based
programming. Many examples of using the eight SEP practices integrated into
content and context came from teachers and leaders at Discover Elementary. This
integrated approach allows students to see the connections between concepts and
content (Vasquez et al., 2012). The school engages students in using science and
engineering practices in authentic, student-led investigations. Intermediate teacher
Mr. Carey described guiding students to understanding what a good question would
be, “one they can investigate” but at the same time allowing students to “wade
through the process by themselves” to come to that good question. This approach by
Mr. Carey falls into the open inquiry definition where students ask their own
questions, plan the process to find the answer, and analyze data to reach conclusions
(Bell, et al, 2005; Rezba, et al., 1999).
As classroom teachers explained inquiry lessons and other experiences,
different levels of inquiry were revealed. All levels of inquiry: confirmation,
structured, guided and open, do require data collection and interpretation or analysis
of findings (Bell, et al., 2005). In kindergarten and first grade, inquiry in science fell
into the confirmation or structured category, although the engineering lessons
described included a mix of all inquiry levels. As students progressed through the
grades, investigations became more student driven. By third grade, students were
writing their own investigable questions with multiple hypotheses, planning
procedures and data collection, writing the conclusion, and presenting their findings
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to others. Inquiry has been identified as essential in STEM education program
(Glancy & Moore, 2013; Hansen & Gonzales, 2014) and raising achievement scores
(Kim et al., 2011; Taylor & Bilbrey, 2012). Discover Elementary has purposely
worked to integrate inquiry into all grade levels.
Discover Elementary developed curriculum and experiences that provide
intentional opportunities for students to learn, apply, and transfer the practices while
meeting state standards. STEM programs identified as effective made intentional
efforts to use the practices and developed units of study that includes one or more of
the STEM disciplines (Glancy & Moore, 2013). Integrated STEM education
programs have been identified as programs where learning goals are connected to
content and context (Duschel & Bybee, 2014) and where learning helps students see
connections between concepts and generate creative solutions (Vasquez et al., 2012).
Most of the science lessons at Discovery Elementary were integrated, covered more
than one discipline area, and were clearly aligned to the 2010 Minnesota State
Science Standards.
All the intermediate teachers interviewed spoke to the depth of thinking the
students exhibit during these units and the intentional meeting of standards in
multiple subject areas. Second through fifth grade have four to six of these integrated
units throughout the year. Some units last four to eight weeks and others last all year
and are interwoven into other subject areas. These units center on one problem but
require integration of multiple subject areas to complete, supporting Discover
Elementary used an interdisciplinary instruction approach (Capraro, Capraro &
Morgan, 2013; Wang, Moore, Roehrig & Park, 2011) when teaching science.
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STEM-based learning requires the integration of SEP into the core ideas of the
science content (Moulding, Bybee, & Paulson, 2015). STEM principles also include
the integration of technology, cross-curricular integration, connecting to real-world
problems, and should be project or inquiry-based (Han, Capraro, & Capraro, 2015:
Hansen & Gonzalez, 2014; Marshal & Alston, 2014). The interdisciplinary or
integrated approach at Discover Elementary integrates SEP into the content and meets
the principles of STEM education as found in literature.
Instructional Practices at Wonder Elementary.
Wonder Elementary does not use integrated instruction consistently in its
program. There were not fully developed units of study that included multiple
subjects or intentional integration around standards. The limited participants
described a program that approaches its STEM subjects as discrete and separate
subjects. Their engineering focus makes them different than a traditional school, but
other subjects, including science, are taught in ways similar to other elementary
schools in District B.
While both schools had small incremental changes in the first two years,
Discover Elementary had layers of support for its teachers. This support was from
outside agencies, district level, and strong building leader support. Their principal
had been in the building prior to the STEM program and the curriculum integration
coordinator (CIC) was an in-district transfer who had existing relationships and knew
district policies. This led to coherence in the transition and with the planning of
curriculum changes. Coherence in necessary to alignment and consensus about
curriculum or program changes (NRC, 2012).
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When Wonder Elementary started their STEM-based magnet school, the
principal was new to the building as an in-district transfer and the CIC was a new hire
from outside the district. Little support was offered from the district level to the
building as the leaders attempted to make changes in teacher practices and student
learning. Without support for change, teacher behavior is hard to alter (Nadelson,
Callahan, Pyke, Hay, Dance, & Pfiester, 2013).
Implementation and Expectations of New Practices.
Learning how each school implemented changes in teacher practices provided
information that led to the changes. One difficulty in adopting changes is teacher
behavior; there must be intentional change in how teachers teach if students are to be
engaged in using science and engineering practices (Moulding, Bybee, & Paulson,
2015). One difference between Wonder and Discover is the expectation of who
would be responsible for teaching the STEM-based curriculum while using inquirybased strategies.
At Discover Elementary it was expected that classroom teachers would be
responsible for teaching the integrated curriculum. Teachers had to learn how to “do
inquiry” so it could be done. The CIC was a resource and a support. District A
expects elementary teachers to be responsible for all subject area instruction for their
students, but how science was to be taught at Discover Elementary changed for the
teachers. It was the classroom teacher’s responsibility to learn and use an inquiry
approach with their students. There was intentionality in the expectation that teachers
would teach differently.
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At Wonder Elementary, the CIC taught the lessons. The intention was for
teachers to watch the CIC teach lessons using inquiry and engineering and then use
the same tools in their classrooms. There was much resistance from teachers in the
beginning and little interest in changing. During the first two years, teachers relied on
the CIC and thought of those lessons as a separate, stand-alone subject. There was
little change in teacher’s instruction during those early years. According to teachers
interviewed, expectations and intentionality for teacher change in instruction was not
fully supported or communicated.
Research calls for integrated instruction in STEM learning environments to
increase students’ ability to see the interconnectedness of subject matter (Capraro, et
al., 2013; Wang et al., 2011). Discover Elementary has created many integrated units
but still has some discrete subject instructional times. Wonder has not yet moved in
the direction of integrated STEM-based instruction. Wonder Elementary teaches
science, technology, engineering, and mathematics, but they are most often taught as
discrete and separate subjects. With classroom teachers not responsible for teaching
science, a disconnect between content and context existed at this school.
Teachers at both schools reported using different practices than before the
STEM magnet program began or different than their years at a traditional school.
They described the practices used as helping to engage and excite students. The
majority made mention of how letting students ask questions and discover the
answers helped students see the purpose for learning the content. Most agreed that
letting students do the science or engineering, rather than read about it or watch the
teacher do it, has led to students understanding content and principles more deeply.
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Two experienced teachers, Ms. Rock, an intermediate teacher at Discover, and Ms.
Tate, a primary teacher at Wonder, expressed how they teach much differently now
than they did when each magnet school began. “It is now more about students
experiencing it (the learning) by doing and being scientists than reading how science
is done,” said Ms. Rock.
Discover teachers who were present in the implementation years connected
the change in practices to supportive leadership (Moulding, Bybee, & Paulson, 2015).
The ability to plan integrated units of study allowed them to apply the principles of
STEM education (Han, Capraro, & Capraro, 2015; Hansen & Gonzalez, 2014;
Marshal & Alston, 2014) to their program. Wonder teachers felt that early leadership
was not strong and did not support classroom teachers making changes. However,
recent leadership has encouraged and supported changes in practices used in the
classroom. This change included classroom teachers being responsible for the
engineering focus with support from the CIC. This change required teachers to
abandon old practices (Kennedy, 2016) and gain experience with the science and
engineering practices as defined in The Framework (NRC, 2012).
Conclusions for Research Question Two
RQ 2: How are students from a STEM magnet school performing in
mathematics and science on state assessments compared to a traditional school of
similar demographics (race and socio-economic status) within the same school
district?
An analysis of public data from the Minnesota Department of Education
website was done to answer research question two. Often schools are determined
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successful based on the results of standardized test scores. While staff at both schools
reported using different practices, did those changes impact test scores?
Interviews at each school revealed different approaches to curriculum and
subject integration, so each STEM school’s achievement scores are discussed
independently of the other STEM school and connected to respective hypotheses.
Interviews with Discover Elementary staff revealed many grade levels have
developed fully integrated units of study, with classroom teachers responsible for all
subject areas. Wonder Elementary uses district assigned staff for K-3 science
instruction and a departmentalization approach for fourth and fifth graders, meaning
teachers specialize in one subject area. Achievement scores of Discover Elementary
will be discussed first, along with teacher reflection on integrated instruction and
subjects. Data from Wonder Elementary will follow along with relevant teacher
comments about programming and curriculum.
Academic Achievement at Discover Elementary.
Inquiry-based instruction was found to raise mathematics and science scores
of students at the middle school level (Taylor & Bilbrey, 2012). Likewise STEM
based learning activities that integrated subjects showed significant growth for high
school students (Han, Capraro, & Capraro, 2015). An analysis of the last five years
of public test data from the Minnesota Comprehensive Assessment (MCA) of fifth
grade scores revealed Discover Elementary outperformed Edison Elementary, a
demographically matched traditional elementary school in District A. Minnesota
only assesses standards in the subject areas of reading, mathematics, and science. At
the elementary level, science is only assessed in fifth grade. Discover Elementary,
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which uses integrated curriculum and hands-on, project-based learning, had
statistically higher scores in mathematics, science, and reading when considering
student scores of all fifth graders.
In mathematics, four of the last five years yielded statistically significant or
highly significant scores when comparing the MCA data of all tested fifth grade
students enrolled at STEM-based Discover Elementary and traditional-based Edison
Elementary. Scores reported in the spring of 2016, 2017, and 2018 were at the highly
statistically significant level, with a p-score of less than 0.01. The 2019 scores also
showed a significant difference with a p-score of 0.0326. Data supports rejecting the
null hypothesis and considering acceptance of the alternate hypothesis, H2Ma: There
is a significant difference between the MCA mathematics scores of fifth graders at
Discover Elementary and Edison Elementary. These findings support the probability
that mathematics instruction at Discover Elementary does yield higher levels of
proficiency on the Minnesota Comprehensive Assessment (MCA) of fifth graders.
When analyzing results by racial or poverty indicators, similar results were
found, supporting rejection of the null hypothesis and considering the accepting of the
alternative, H2MBa: There is a significant difference between the MCA mathematics
scores of fifth graders at Discover Elementary and Edison Elementary when
examined by race or FRPL categories.
Students identified as White, Black, and those participating in the
Free/Reduced Price Lunch (FRPL) program had significantly higher scores for three
of the five years on the mathematics portion of the MCA. No statistical analysis
between Black students could be completed for 2019 as Edison Elementary did not
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have enough Black students with published scores. With Discover having 62.5% of
its Black students scoring proficient, above the previous year’s 53.3%, one may
conclude that Black students at Discover outperformed Edison in science in 2019 as it
did the previous year. For students identified as Asian, only two years showed
statistically significant scores when compared to students at Edison Elementary,
indicating Discover may not be having the same level of success with this racial
category of students. Overall, integrated mathematics instruction at Discover led to
higher fifth grade scores on the MCA when comparing to a similar, traditional school
within District A.
While their 2019 scores continued to be statistically significantly stronger than
Edison’s scores, the level of significance did drop slightly for all mentioned racial
categories and FRPL students. Teachers had expressed concern about the impact of
newly adopted curriculum on their mathematics instruction and student learning. One
year of a slight drop does not provide enough information to measure if the new
curriculum had a negative impact. For the 2018-29 school year, White students at the
STEM magnet school and the traditional school performed at similar levels; there was
no statistical difference.
Mathematics instruction at Discover Elementary did produce higher
percentages of proficiency for all students. Analysis of data supported that
Discover’s STEM-based approach which uses integrated instruction intentionally
aligned to standards made a difference in how students perform on the mathematics
portion of the state assessments. This was similar to results of studies where
integrated math instruction at schools that used inquiry-based or problem-based
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strategies led to higher scores in mathematics (Han, Capraro, & Capraro, 2015;
Taylor & Bilbrey, 2015).
In the area of science, fifth grade students at Discover Elementary
outperformed students at Edison Elementary at highly significant rate on the MCA.
The MCA measures knowledge based on state standards. At the elementary level,
Minnesota only tests science in fifth grade using the MCA. Data supported rejecting
both null hypotheses for science and considering the acceptance of both alternate
hypotheses:
H2SAa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary.
H2SBa: There is a significant difference between the MCA science scores of
fifth graders at Discover Elementary and Edison Elementary when examined by race
or FRPL categories.
How students learn science is essential as what student learn about science
(Harris, et al., 2015). Integration of other subjects through science makes the learning
authentic (Glancy & Moore, 2013). In a five-year study using MAP science scores,
significant growth was found for students who participated in inquiry-based learning
at the middle school level (Marshall & Alston, 2014). Like students at Discover
Elementary, the students in this study had experiences with investigations that
challenged students to ask questions and plan investigations to find the answers. The
inquiry-based approach at Discover Elementary and the schools in the Marshall &
Alston (2014) study provide support that inquiry-based instruction deepens
understanding of science concepts and scientific practices.
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Students at STEM-based schools outperformed students from traditional
schools on assessments given (Harris et al., 2015; Schneider, Krajcik, Marx, &
Solomon, 2002). A STEM school that utilized project-based learning (PBL) with its
students had higher student scores on standardized assessments than students enrolled
in traditional science classes (Schneider, Krajcik, Marx, & Solomon, 2002). When
comparing student performance on standards-based and end of unit science tests,
students who learned through an integrated problem-based learning approach
outperformed students at the traditional school (Harris et al., 2015). Hands-on,
inquiry-based or project-based science curriculum increased science learning. This
same result was found when comparing STEM-based Discovery Elementary to
traditional-based Edison Elementary.
The science portion of the MCA is the only standardized elementary science
test given in District A. While District A has an adopted science curriculum, the
MCA results from Discover Elementary appear to correlate the integrated STEMbased learning approach to statistically significant higher scores for their students in
the area of science.
The five years of data for the category of all fifth-grade students at Discover
Elementary support this finding. For all the years analyzed, students had a p-score of
less than 0.0001, supporting that how science is taught at Discover makes a
measurable difference. White students and FRPL students had highly significant
scores for all five consecutive years. For three of the five years, statistically
significant scores were found for Asian or Black students. While the integrated
inquiry-based approach to science at Discover Elementary may be correlated to
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overall higher proficiency scores on the science portion of the MCA, caution should
be noted as Black and Asian students did not have the same results as consistently as
the White students.
STEM curriculum should be integrated, reach across curriculum, relate to real
world problems and be project or inquiry-based (Han et al., 2014; Hansen &
Gonzelez, 2014). Discover’s approach of teaching and encouraging students to think
and act like a scientist through many parts of their day created a connectedness for its
students. This connectedness is critical to using content in context and creating
meaningful learning experiences for students (Duschel & Bybee, 2014). The constant
and consistent integrated approach throughout the grade levels correlated to high
percentages of proficient science scores for the fifth graders at Discover Elementary.
With integrated instruction of STEM into other subjects, reading achievement
scores were analyzed to determine if reading proficiency at Discover Elementary was
similar to its traditional counterpart in the district. This school heavily markets itself
as STEM-focused, providing hands-on and authentic problems for all students. When
examining data for all fifth graders in the area of reading, Discover Elementary did
have statistically significant scores when compared to Edison Elementary for four of
the last five years, leading to a rejection of the null hypotheses and the consideration
of accepting the alternative hypothesis for reading.
H2RAa: There is a significant difference between the MCA reading scores of
fifth graders at Discover Elementary and Edison Elementary.
An analysis by race and FRPL shows that the significantly higher scores were
present for the White students but not for students identified as Asian, Black, or
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receiving FRPL. In the area of reading, the null hypothesis failed to be rejected.
H2RA0: There is no significant difference between the MCA reading scores
of fifth graders at Discover Elementary and Edison Elementary.
STEM-based instruction at Discover Elementary was described as integrated
and intentional for meeting standards. Higher rates of proficiency for all fifth-grade
students were found for four years in mathematics, all five years in science, and four
years of reading at the magnet school. On the mathematics test, significance was
found for three years for those students identified as White, Black or receiving FRPL.
In science, statistically significant scores were found for five years for White students
or those receiving FRPL, and three years for students identified as Asian or Black.
When all students are compared as one group, fifth grade reading scores at Discover
were significantly better than fifth grade at Edison Elementary. However, except for
White students, reading scores were not statistically significant for students identified
as Black, Asian, or receiving FRPL.
Hands-on learning with successful and intentional integration of many subject
areas does lead to increased student achievement scores (Cotabish et al., 2013; Han et
al., 2015; Kim et al., 2011; Taylor & Bilbrey, 2012; Varma, 2014). The results from
Discover Elementary support the same conclusion. STEM-based, integrated
instruction at Discover Elementary positively and significantly impacted MCA
mathematics, science, and reading scores of fifth graders when compared as a whole
group to students at Edison Elementary, a traditional school within the same district.
Academic Achievement at Wonder Elementary.
Different results were found at Wonder Elementary when comparing its fifth261

grade scores to Andrews Elementary in District B. At Wonder Elementary, results on
the MCA mathematics portion did not reveal better scores than its matched school in
District B. Of the five years of data, only 2019 scores had a statistical difference.
This was true in the racial category of White as well. There was no statistical
difference in any of the other years or in racial and FRPL categories. Analysis of the
MCA mathematics scores supported acceptance of both null hypotheses.
H2MC0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary.
H2MD0: There is no significant difference between the MCA mathematics
scores of fifth graders at Wonder Elementary and Andrews Elementary when
examined by race or FRPL categories.
Similar results were found for MCA science scores of fifth graders enrolled at
Wonder and Andrews Elementary schools. With the exception of 2019, there was no
difference between the two schools. White students at Wonder Elementary did have
two years of statistically significant higher scores but no difference was noted
between Black students or those in the FPRL program. In 2017, the non-STEM
school, Andrews Elementary had significantly higher scores in science for students
receiving FRPL. One or two years of significant scores does not indicate that
programming makes an impact; there is no repeated data to support the STEM-based
instruction at Wonder positively or negatively affected the levels of proficiency on
the MCA science test. The null hypotheses that failed to be rejected in the area of
science were:
H2SC0: There is no significant difference between the MCA science scores of
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fifth graders at Wonder Elementary and Andrews Elementary.
H2SD0: There is no significant difference between the MCA science scores of
fifth graders at Wonder Elementary and Andrews Elementary when examined by race
or FRPL categories.
Analysis of MCA reading scores of fifth graders at Wonder Elementary and
Andrews Elementary yielded similar findings. Again, for one year, Andrews had
significantly stronger reading scores than Wonder Elementary for all fifth graders and
those receiving FRPL. No differences were noted between the two schools. Both
null hypotheses failed to be rejected when examining reading data from Wonder and
Andrews Elementary in District B.
H2RC0: There is no significant difference between the MCA reading scores
of fifth graders at Wonder Elementary and Andrews Elementary.
H2RD0: There is no significant difference between the MCA reading scores
of fifth graders at Wonder Elementary and Andrews Elementary when examined by
race or FRPL categories.
This research found approach to instruction to be vastly different between the
two STEM-based schools: Discover Elementary and Wonder Elementary. Although
the schools use similar phrases on their websites to describe their practices,
instruction, and student experiences, data revealed differences in all those areas.
At Discover Elementary, classroom teachers teach all subjects and have
regular planning days to work on subject integration to meet standards. Over their
years at this school, students have been engaged in multiple units of study created
around a science concept that also intentionally encompasses other subject areas and
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standards. The STEM-based, integrated magnet school curriculum at Discover
Elementary correlates to a quantifiable difference for students. Wonder Elementary
has not yet developed or practiced integrated instruction and continues to teach
content as discrete subjects. The STEM-based magnet school curriculum at Wonder
Elementary does not correlate to any quantifiable difference for student scores on the
MCA test.
Integrated instruction was a key difference between the two buildings.
Achievement results at Discover supported that STEM-based, integrated instruction
correlated to higher percentages of proficiency on the MCA for fifth graders.
Integration of science content into reading and writing standards was done by several
teachers at Discover Elementary and provided opportunities for students to practice
and improve literacy skills. The integration of literacy skills into science content has
been shown to raise scores in reading proficiency and comprehension (Guthrie et al,
2007; Vitale & Romance, 2012: White et al., 2014). Integrated instruction, with an
inquiry or hands-on component, made a measurable difference in student
achievement in mathematics (Cotabish et al, 2013; Hansen & Gonzalez, 2014) and
science Han et al., 2015; Kim et al., 2011; Taylor & Bilbrey, 2012; Varma, 2014).
The findings from STEM-based Discover Elementary and its use of integrated
instruction show correlation to statistically significant higher MCA scores than its
demographically matched school in within the same district.
Magnet schools were designed to close the achievement gap between white
students and students of color (Bifulco, Cobb, & Bell, 2009). While Discover
Elementary has higher rates of proficiency for all students in mathematics, science,
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and reading, White students do outperform students who are Black or Asian. Even in
the years when the Black and Asian students did have statistically significant higher
scores than the Black and Asian students at the traditional schools, the rates of
proficiency did not match the White student rates. This observation was true at the
traditional school as well. A statistical analysis to determine the size of the gap was
not conducted or compared between the STEM-based school and the traditional
school but raw data showed the gap is present at all schools, both STEM-based
magnet schools and the traditional schools.
Conclusion for Research Question Three
Research question three asked, “To what extent was district and building
leadership involved in the transition to and implementation of STEM practices in the
magnet school?
Leadership plays an important role in changing a school’s direction or
program (Goodnough, Pelech, & Stordy, 2014). District leaders in both District A
and B were the ones who made the decision to start each magnet school in response to
being identified as racially isolated districts. At neither school was the principal or
the staff involved in the decision to become a magnet school.
Although each district made the decision for the same reason of achieving
racial integration with a similar top-down decree, how district leadership supported
the change differed between the two systems. Successful magnet schools have strong
leaders as they support the change to new curriculum (United States Department of
Education, 2008; Hanover Research, 2012). Strong leadership was also noted as a
need for effective STEM instruction by the Committee on Highly Successful Schools
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or Programs for K-12 STEM Education (NRC, 2011). For schools to successfully
implement new science-based learning, there must be alignment and coherence across
the system (NRC, 2012). This strong leadership is necessary as schools work to
develop a mission and vision and build a strong sense of community as staff enter
new learning and teaching (Chiu et al., 2015).
From the information gathered in the interviews, leadership appeared to be the
key in implementation of STEM programming and supporting continued changes in
instructional practices and curriculum. Leaders made pivotal decisions regarding
professional development, implementation of new practices, and set clear
expectations for staff. Those decisions in the early years of each STEM magnet
school’s journey continue to influence teacher behavior and actions years later. As
teachers learned about STEM-based programming, supportive and involved leaders
were more effective in changing practices and behaviors of teachers. Creating change
in schools takes time as staff learn and practice new ways to teach (Reeves, 2010).
Leadership During Implementation Years of STEM Program.
At Discover Elementary, the leader during the transition included teachers’
input and opinions on many decisions. Involving the teachers from the very
beginning set an inclusive and collaborative tone. Together she and the staff created
a vision for their school. Having a shared vision aligned the staff with a shared
purpose (Goodnough et al., 2014). This process created a positive culture required
for starting new initiatives (Hollingsworth et al., 2018). The initial building leader
also participated in all professional development opportunities as a peer and learner,
not as the principal. This created a feeling of shared learning and shared leadership as
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staff and leaders worked together to learn and implement new practices
The principal and other leaders decided to pursue a grant through Magnet
School Assistance Program (MSAP). This grant required an additional 30 hours of
professional development each year for three consecutive years, and all staff were
required to attend this “extra” professional development. Collaboration between the
building leader, district leaders, and the union led to a memorandum of understanding
(MOU) that allowed teachers to opt-out of the magnet school and utilized the teacher
transfer process differently. This MOU was for those teachers who could not commit
to the required professional development or did not share the vision for integrated
STEM-based learning. Two teachers opted to transfer to traditional schools under
this MOU. As leaders redesign an organization or lead new initiatives, they must
staff the school with teachers who share and believe in the vision (Leithwood et al.,
2019). The principal knew it was important to get the right people on staff to make
the changes. When making big changes and expecting different outcomes, getting the
right people on board is crucial (Collins, 2005).
With limited voices from those who were at Wonder Elementary in the initial
years of its STEM program, the story is missing details. There were no interview
participants who were at Wonder prior to the announcement that it would become a
STEM school. Those involved in the interviews did not feel that creating a shared
vision was done in the early years. The principal and the CIC were both new to
Wonder the same year the STEM program began. Relationships did not exist prior to
the change happening and trust was not established between leaders and staff. Trust
and clear communication of expectations are necessary for leaders to lead through
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change (Hollingsworth et al., 2018). The lack of a shared vision, relationships, trust,
and communication of expectations made it hard for teachers at Wonder Elementary
to believe in the STEM-based magnet school.
Coherence and alignment during implementation must happen across the
system. This allows different parts of the system to share, shape, and understand
what science instruction and education would look like as new practices and
strategies are used (NRC, 2012). District leadership that worked collaboratively with
new STEM-based magnet schools led to change and a feeling of support to teachers
in the implementation years. Building leadership that was inclusive of teachers led to
strong support and buy-in from those teachers in the early years. Giving teachers a
voice in curriculum changes, materials, and programming led to easier adoption of
new strategies and practices. Leaders in District A and at Discover Elementary used
a combination of strong leadership skills to develop an integrated STEM curriculum,
develop new teacher practices, and increase student achievement as it implemented a
new vision for the school.
Leadership to Sustain STEM-based Programming.
Sustaining the STEM-based programming at each school has changed with
each building leader. At Discover Elementary, teachers felt the current leadership
team does not advocate for their program and that district leaders want a “one-size fits
all” approach to curriculum. Recent curriculum decisions, including mandated
minutes for reading, writing, and mathematics has negatively impacted how Discover
teachers do their STEM integration pieces. Wonder teachers also expressed how
district initiatives and decrees make it harder to try integrated instruction around their
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engineering focus. The majority of teachers interviewed from both schools were
frustrated with district leaders who seemed unaware of what their schools offered.
One felt as if “They are not interested in what we really do here or how we do it
here.” One teacher described the recent feeling she has as “We have no voice
anymore.” Another said, “We do good things for kids. They get to be scientists and
think but that doesn’t matter. It’s all about doing what they (district leaders) think is
best and being like all the other schools.” Mixed messages from district leaders has
led to ambiguity for staff in understanding how much autonomy each building, and
teacher has in their school. Coherence, alignment and strong leadership are required
if these STEM magnet schools are to continue to provide integrated instruction and
sustain successful STEM programming (Chiu et al., 2015; NRC, 2012).
Conclusion for Research Question Four
Research question four asked, “What changes in professional development
have occurred in elementary schools that have transitioned to elementary STEM
magnet schools?”
How leadership used professional development in the implementation years
impacted change and the level of teacher buy-in to the new programming. Deep,
meaningful, and sustained professional development is necessary to make changes in
teachers’ behavior and practices (Reeves, 2010).
The paths these two schools followed with early professional development
were markedly different. Differences in how much time was dedicated, who led the
professional development, who attended and participated were noted. professional
development also impacted teachers’ attitudes and responses to the challenge of
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becoming a STEM-based magnet school.
Ongoing and supportive professional development was found to increase
teacher confidence, efficacy, and attitude toward teaching engineering and using
STEM-based instruction (Nadelson, et al., 2013). Research showed a correlation
between meaningful and sustained professional development for teachers and higher
student achievement (Supovitz & Turner, 2000; Tabernik & Williams, 2010). The
different approaches to professional development between Discover Elementary and
Wonder Elementary during their early implementation years may explain the
difference in student achievement scores.
Professional Development at Discover Elementary.
One variable in this study is the impact of the MSAP grant money in the early
years at Discover Elementary. The Magnet School Consortium (MSC) and District A
together decided to apply for the three-year grant. Because of the grant
specifications, teachers at Discover Elementary teachers were required to participate
in a minimum of 90 hours of inquiry-based or science-based professional
development over the course of the first three years. In addition to those 90 hours,
staff meetings and professional development days during the school year focused on
integrated and inquiry-based instruction. Full day, grade level planning days
happened three times a year with the objective of writing integrated units. Teachers
who participated in the 90 hours mentioned how it changed their teaching practices.
At Discover Elementary, this deep, meaningful, and sustained professional
development led to changes in programming and teacher behavior.
More than 80 hours of professional development made a difference in teacher
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behavior and the impact on student achievement in the area of science (Supovitz &
Turner, 2000). Student achievement in mathematics also improved when teachers
attended more than 90 hours of professional development focused on mathematics
pedagogy and concepts, not rote learning (Tabernik & Williams, 2010). The teachers
interviewed who attended the full 90 hours all spoke to how that professional
development impacted their practices. Teachers who engaged in ongoing and
supportive professional development have higher levels of teacher confidence and
efficacy when teaching in a new or different way (Nadelson, et al., 2013).
This was true for the Discover teachers who participated in the 90 plus hours
the first three years. All ground floor, first floor teachers, and leaders from Discover
Elementary that were interviewed mentioned this early professional development as
pivotal in changing how they taught students. Many mentioned how letting students
ask the questions and find the answers, rather than dispensing the facts, made learning
more meaningful to the students. Those who did not have that extensive or deep
professional development about STEM-based strategies within those first three years
expressed concern about their lack of knowledge. Teachers hired in the last five to
eight years all conveyed the desire for professional development to be meaningful and
relevant to the STEM program. Some did not feel equipped to teach STEM-based
lessons through an integrated approach. If new techniques are to be used in the
classroom, teachers need ongoing support as their practices and behaviors change
(Kennedy, 2016).
Professional Development at Wonder Elementary.
While Discover Elementary had extensive professional development that led
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to changes in teacher practices, Wonder Elementary had limited professional
development offered in the early years of its program implementation. The reactive
approach to professional development at Wonder Elementary did not provide ongoing
support for teachers. Schools who successfully implemented and sustained new
programs had supportive professional development that helped teachers embrace and
try new ideas (Johnson et al., 2007; Nadelson et al., 2013). Without supportive
professional development, teachers often revert to old practices or beliefs (Kennedy,
2016) and long-term change does not occur. In the first five to six years of its STEMbased program, this is what happened at Wonder Elementary. Although Minnesota
state statute 8710.3200 (State of Minnesota, 2017) requires elementary teachers know
and understand how to use inquiry and conduct scientific investigations, this was still
seen as an area of need by interview participants. With teacher preparation programs
providing little instruction in using inquiry or authentic science content (Nadelson et
al., 2013) and limited professional development for most teachers in science (Horizon
Research, Inc., 2018), schools looking to implement STEM-based instruction must
provide the necessary professional development for teachers to change practices or
use different approaches.
Professional Development and School Districts.
Districts must grant permission to vary from traditional instructional methods
and help provide effective professional development are needed if teachers are to use
integrated STEM strategies in their classrooms (Slavit, Nelson, & Lesseig, 2016).
Schools that were successful with implementing different practices have sustained
and effective professional development as part of their plan (Johnson, Kahle, &
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Fargo, 2007). Building leaders looking to implement STEM-based programming
must consider the importance of meaningful and ongoing professional development to
support change in teacher behavior, new curriculum initiatives, and increased student
learning.
Interviews revealed that professional development intertwined with building
leadership were some of the most impactful pieces on how each program was
implemented. Deep, meaningful, and sustained professional development created
change in teacher mindset and behavior in the early years of programming. When
current leadership teams shifted professional development focus, the impact was felt
on programming. Staff at both schools expressed frustration with trying to teach
differently for STEM integration purposes, loss of building autonomy, and lack of
support from district leadership teams in relation to current professional development
needs.
Conclusion for Research Question Five
Research question five asked, “How has student engagement changed since
the implementation of STEM practices?”
While standardized test scores are one measure of student growth, those tests
may not accurately reflect learning that occurs at a STEM-based school. Science test
scores may reflect content knowledge but not the practices of science and engineering
(Judson, 2013). The intentional change to having students use science and
engineering practices engages students in the process of learning and obtaining
information (Moulding, Bybee, & Paulson, 2015). Both schools provide hands-on
learning opportunities and serve a diverse racial population and have more than 35%
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of their student body receiving FRPL.
Interviewed teachers mentioned student engagement as one way they
subjectively measure student learning. They see students interested in and
participating in the hands-on, inquiry-based, or engineering-based activities. In many
settings, allowing students to discover on their own has been replaced with intensive
teaching because of test scores (Blackley & Howell, 2014; Moore & Smith, 2014).
The hands-on creating, doing, and experimenting allows for students to be more
creative and make discoveries. The learning is not about completing a worksheet, but
about connecting meaning to real-life and solving problems therefore increasing
student engagement (Glancy & Moore, 2013).
Teacher observations and descriptions support that STEM-based learning
which includes hands-on, student driven work, keeps students engaged in learning the
content, and provides reason to learn specific skills. In addition, the skills necessary
for 21st Century learning are used on a regular basis. The skill of working together,
using the skills of collaboration and cooperation, communicating with others, and
learning to listen to others’ ideas were mentioned by most of the teachers interviewed.
Although all acknowledged test scores are what seem to matter to the decision
makers, these skills were viewed as more important by the teachers.
Learning to be successful with those interpersonal skills will carry the
students into the future and are considered necessary for 21st Century learners
(Partnership for 21st Century Learning [P21], 2015). Some teachers expressed that
students listening to one another and encouraging creative and divergent thinking
increased learning in their classrooms. When identifying best practices in STEM
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programs, sharing ideas and learning from others was identified as an effective
characteristic (Horizon Research, 2012).
Dimension 1 from The Framework (NRC 2012) calls for the integration of
collaboration with critical thinking and problem-solving skills by students. Teachers
at both STEM-based magnet school believe their students exhibit those skills.
Implications
This study revealed the importance of integrated instruction, strong
leadership, and proactive professional development as schools look to implement
STEM-based programming. The implication for schools that currently have
integrated, inquiry-based STEM programs is to continually assess, improve, or
change units to match standards. Determining the impact on student learning as
schools implement the three dimensions identified by The Framework is critical for
schools as scientific literacy is a goal for all students (NRC, 2012). Education
programs should work to increase student learning, help students think critically,
solve problems, and collaborate and communicate in this global world.
Schools and school systems are continually looking for ways to increase
student achievement while meeting the many standards that exist. With the demand
to increase STEM skills of students, including mathematics and science scores on
standardized tests and to increase the number of students choosing STEM careers
(NSTC, 2018), paths to achieve this must be examined. While little research exists
on STEM schools at the elementary level, scientists reported that exposure and
experience before the middle school years spurred interest in their fields of study
(Maltese & Tai, 2010). Looking at how two STEM-based magnet schools
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transitioned, implemented, and sustained their STEM-based instruction revealed
success and failures. Schools looking to implement STEM programming would
benefit from the story of each school’s journey.
For districts or systems that are looking to transform schools into STEM based
programs with effective instructional strategies, the overlap of strong leadership skills
and deep and meaningful professional development was crucial to making change and
raising student achievement. Information from the interviews and other data all
linked back to behaviors, attitudes, and beliefs of the building leader at the time of the
transition and early implementation years. Studies show that a leader who is
supportive helps achieve successful educational reforms (Supovitz & Turner, 2000).
This study found that having a leader who was supportive, involved, open to ideas,
and able to lead by example and advocacy was essential to making changes in teacher
practices and curriculum. Advocacy for teachers to vary from traditional methods
was necessary (Slavit, Nelson, & Lesseig, 2016) when leading a school to use
integrated STEM strategies.
The building leaders at each of the schools had vastly different approaches to
the news that they would become a magnet school. The inclusive and involved leader
relied on input and ideas from teachers, building on the strengths she knew her
teachers had. While she and other members of the leadership team did make final
decisions, they allowed staff to offer ideas. By listening to the staff and hearing what
was said, teachers felt ownership. This ownership increased teachers’ belief in the
vision. Leaders must also be able to advocate for their staff and program to be
different, including different professional development opportunities and using other
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approaches to curriculum. This advocacy helped choose professional development
opportunities that supported teachers in making lasting changes in practices and
curriculum.
Meaningful professional development is required for teachers to make
changes (Reeves, 2010) regardless of the school’s focus. Effective professional
development leads to increased student achievement (Kennedy, 2016). Meaningful
professional development opportunities were another key piece in implementation of
STEM-based programming. Committing money and time for teachers to grow
through professional development that is sustained and meaningful led to long-term
changes in attitudes, beliefs, and practices of those who attended. Professional
development must also be tailored to match the needs of the building and the
program. As autonomy between buildings has become less, STEM teachers feel less
supported and prepared. For effective change in teaching science and to reach the
diverse range of students, school systems must provide professional development on
the three dimensions of the framework (NRC, 2012). If school districts or systems
want to provide integrated STEM curriculum for students, teachers need ongoing
professional development to learn how to use the science and engineering practices,
the crosscutting concepts, and the integration of the disciplinary core ideas with the
students. Deep and sustained professional development is a necessity to making
effective change that benefits student learning.
STEM-based learning does not have one simple and clear definition. When
deciding on a STEM-based program, having a vision or belief helped build the
program. The Minnesota Department of Education describes integrated STEM
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education as intentionally linking the standards in science, mathematics and the
literacy in science and technical subjects under ELA standards (MDE, n.d). Whether
the school chooses to use science or engineering as its focus, integrated instruction
crosses two or more subjects. It helps students see the context for the content (Kelley
& Knowles, 2016). Integration of two or more subjects while intentionally meeting
state standards correlated to high levels of proficiency on state assessments in the
school where content integration occurred regularly.
Integrated instruction may not exactly match the time requirements mandated
from district leaders so schools must have a process to follow that allows for
differences. Teachers at both schools reported higher levels of student engagement
during the integrated units or the engineering units. If STEM-based schools
demonstrate they are meeting the standards, students are learning and engaged, and
proficient test scores are the result, allowing for different instruction is necessary.
Integrated, STEM-based instruction requires teachers to use practices that differ than
traditional instruction of discrete subjects. District leaders must allow flexibility in
curriculum and time requirements, adjusting or releasing STEM-based schools from
mandates that impede integrated instruction.
Both schools involved in this research would benefit from adding professional
development specific to their programs. While Discover staff described the use of
science and engineering practices (SEP) as described by NGSS, all staff referred to it
as inquiry-based instruction. Although their self-described inquiry-based instruction
did correlate to higher rates of proficiency in mathematics and science scores for all
students, the term is dated and reflects the need for professional development around
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NGSS and the recently adopted 2019 Minnesota science standards. Staff need to
learn how inquiry is embedded into the language found in The Framework (NRC,
2012) and how the three dimensions can be better integrated into existing curriculum.
Using The Framework as a reference, staff at both schools should spend time in
understanding learning progressions, misconceptions, and strategies for helping
students understand practices used in science and engineering (NRC, 2012).
Wonder staff would benefit from professional development that helps them
understand the value of integrated instruction and how that might happen in their
building. This should include examining the current model of an itinerant specialist
coming in to teach science at the K-3 level. Since this approach is set by the district,
planning days should include the science specialist, classroom teachers, and
curriculum integration coordinator to address integrated unit opportunities. The
district should allow ELA resources to be used in a different order for integrated
instruction opportunities. In the 2019-20 school year, the intermediate teachers were
moving to a homeroom, self-contained model, rather than the departmentalization
approach. Planning days for the intermediate Wonder staff should allow time to plan
for integrated units of learning within each homeroom. With research supporting that
ongoing professional development led to increased teacher confidence and attitude
towards teaching engineering (Nadelson et al., 2016) Wonder staff should have the
opportunity to participate in professional development that would lead to consistent
and positive changes for all teachers. This professional development needs to be deep
and ongoing to impact not only teacher behavior but student achievement (Supovitz
& Turner, 2000; Tabernik & Williams, 2010).
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Both districts started the magnet schools to address racial segregation in their
schools. Research shows that parents who enroll children into magnet schools do so
based on the marketing of what they expect their child to receive (Hausman &
Goldring, 2000), not on achievement or test scores (Goldring & Rowley, 2008). Both
schools are considered inclusive magnet schools as there was no required test scores
to enroll; enrollment is by lottery.
Recommendations for Further Research
Due to the small sample size and focused location of this research, replication
of this research involving more schools and teachers is recommended. For those
schools that have implemented STEM programming, researching what that means is
necessary. Determining a way to measure what is STEM-based instruction continues
to be a need.
Because each had different enrollment processes, additional research to
determine how the application process impacts student achievement is needed.
STEM schools that have an enrollment process like Discover Elementary, where
students may enroll at different grades or different times, should conduct research to
find if there is a correlation between student achievement scores and the number of
years attended at the STEM-based magnet school.
With the limited participation from Wonder Elementary, research that
includes more participants with a wider variety of grades would give more depth and
information. Participation from the district assigned science specialists would add
value to understanding practices used in science instruction.
This research intentionally focused on STEM magnet schools that were both
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promoted and marketed as being different and offering more hands-on opportunities
for students. Additional research should include a wider variety of STEM elementary
schools to determine the implementation processes they used and leadership role
during the transition. Determining leadership roles and the impact in the early years
would provide more data and insight into the importance that building and district
leaders have when changing a school’s program focus.
The use of the Measuring Science Instructional Practices Survey (SIPS) in this
research compared only STEM-based magnet schools. If permission was received
from the author of the SIPS tool (Hayes, et al., 2016), future research should compare
the use of science and engineering practices between STEM-based schools and
traditional elementary schools. That research would reveal if quantifiable differences
were found between schools. Results could also be used to determine where teachers
need additional support or professional development when teaching the science and
engineering practices.
With teachers at both schools demonstrating a limited understanding of the
term models, research to determine teachers’ understanding of the science and
engineering practices would reveal needs for teacher professional development.
Determining if teachers understand the intent behind each of the practices would
provide information for those planning teacher education opportunities.
Intentional, integrated instruction that was a defining part of STEM-based
programming may have led to higher rates of proficiency for fifth grade students on
state assessments. Additional research to define integrated curriculum and its
relationship to student achievement is needed to create a more complete picture of the
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impact STEM-based programs have in the elementary school setting. Determining
the process schools used to create integrated curriculum would provide deeper
information and more examples for elementary schools to examine when considering
implementing STEM-based curriculum.
Summary
This research revealed the different paths and outcomes of two suburban
schools as each implemented new programming while transitioning to STEM magnet
schools. The magnet school decision was initiated at the district level to achieve
racial integration within their schools and neither building had a choice about
becoming a magnet school. Both schools were promoted through school websites
and the Magnet School Consortium as offering STEM-based, hands-on, or real-world
learning through an integrated curriculum approach.
How each building implemented STEM programming during the transition
years was largely dependent on early leadership and the amount of professional
development at the building level. Interviews revealed that high levels of leadership
support and deep professional development were key to implementing new
curriculum, changes in teacher behavior, and using inquiry-based instructional
practices.
Five years of fifth grade scores from the Minnesota Comprehensive
Assessment (MCA) were analyzed to determine if higher achievement scores could
be correlated to STEM-based programming. MCA scores in mathematics, science,
and reading of each STEM-based magnet school were compared to demographically
similar schools in each district that used traditional-based instruction.
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Statistically significant higher scores were found at the STEM magnet school
that used standards-based, integrated curriculum plans around science when
compared to its district counterpart. This school also reported high levels of
supportive leadership in the early years, and staff was required to participate in more
than 90 hours of additional professional development in the first three years. The
leadership and extensive professional development helped staff rewrite or abandon
parts of the district purchased science curriculum in order to provide inquiry-based
learning integrated into other curricular areas. No statistical difference was found
between the other STEM magnet school and its district counterpart. Interviewed staff
reported lower levels of leadership support in the early years and little integrated
curriculum opportunities. Recent leadership teams were described as supportive and
curriculum integration ideas were being explored.
This study supported the importance of integrated instruction, strong
leadership, and proactive professional development as schools implemented STEMbased programming. Those components led to changes in teacher practices and were
correlated to higher rates of proficiency on the state assessment.
Post-study Update of Discover Elementary and Wonder Elementary
Since the gathering of this data in the spring of 2019, both schools have
undergone changes. Discover Elementary has a new principal due to Mr. Medier’s
retirement. The new principal was hired from outside District A and does not have
magnet school experience or STEM school experience. The district and building
where she formerly worked used itinerant science specialists at the elementary level.
Although an experienced teacher and leader, she has not had any experience in
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teaching science content.
This year the school board and district leaders considered moving the STEM
magnet school to another site in order to return Discover to its neighborhood school
status. The curriculum integration coordinator, previous building leaders, current
staff, and parents were called on to share why the location of Discover was critical to
the curriculum and the success of its students. Outside agencies were hired to assess
the STEM program and the impact the possible relocation would have on the
curriculum. This process brought attention to the integrated curriculum and the
strong environmental component at all grade levels. After months of debate and
speculation, district leaders did decide to leave the STEM magnet program at
Discover Elementary.
Discover Elementary did send 15 staff members to week-long intensive
professional development at the Science Museum of Minnesota. Those who attended
were some of the second-floor teachers who did not have the original intensive
professional development when the STEM magnet school started. The current school
leadership team is hopeful to offer this again next year so that the remaining secondfloor teachers will have the same opportunity.
Wonder Elementary has continued with the same leader for the past seven
years. However, Wonder Elementary is no longer considered a magnet school or part
of the Magnet School Consortium’s school choice plan. Because Wonder opted to
keep an attendance area, less and less seats were becoming available for the lottery.
It was a mutual decision between District B and MSC to remove Wonder from the
magnet school lists. Wonder Elementary will continue with its engineering focus but
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will now be considered a specialty school within District B. Current students who
enrolled through the MSC process can stay through fifth grade if they choose.
As MSC promotes only the magnet school programs to address racial
integration, Wonder Elementary is no longer promoted through the consortium.
District B is in the process of planning a STEM-based magnet school at another
elementary school. This school is not far from Wonder Elementary and it is the hope,
according to the MSC director, that parents who wanted to have their child accepted
into the Wonder program will apply to this new STEM program. This magnet
program will begin its full implementation of STEM-based instruction in the 20212022 school year. During the current time, the website describes itself as
transitioning to this new focus.
Discover Elementary and Wonder Elementary have staff that talked openly
about the joys and frustrations of working at a magnet school within large school
districts. All teachers interviewed expressed the same concern that district leaders are
not interested in or strongly supportive of their work. This may be common across all
types of schools, but the magnet teachers are conflicted with the mixed messages of
what they are to do and how they are to do it. The teachers all felt the responsibility
and expectation that they provide different programming and experiences for students
at their STEM magnet schools, but also the weight and responsibility of teaching
district curriculum as expected. School leaders in both districts need to understand
what integrated, STEM-based instruction is and the potential positive effect on
student achievement and engagement.
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Appendix A
1.

What changes in professional development have occurred in

elementary schools that have transitioned to elementary STEM magnet
schools?

• In your building how often do teachers participate in building wide
professional development on STEM related topics?

• How valuable were those professional development opportunities?
• What was the greatest take away from them?
• What has been the greatest frustration with professional development
related to the STEM magnet journey?

• How would you define STEM education?
2. How did those changes, if any, impact teacher practices? How do teachers
describe their practices?

• Do you do things differently as a teacher in a STEM program?
• What has been difficult about adopting a STEM program or STEM
practices?

• What impact do you think this school’s STEM program has on students?
•

How often do you, or your team examine grade level curriculum or projects
to determine alignment with STEM principles?

•

What do you know or think about integrating crosscutting concepts
(Patterns, Cause and Effect, Scale, Proportion and Quantity, Systems and
System Models, Energy and Matter in Systems, Structure and Function,
309

Stability and Change of Systems) in your classroom to help students see the
connectedness of science to other subject areas?
3. Has student engagement changed since the implementation of STEM
practices? How has it changed?

• Are students more engaged in learning since STEM practices began?
• Have you seen a change in student interest in subject areas? Which
subjects?

• Do you feel as if students are more interested in learning because of the
STEM focus?

• Has the STEM program helped or hindered student behavior in this school?
4. What role did district and building leadership play in the transition to and
implementation of STEM practices in the magnet school?
Each set of interview notes will be transcribed and sent back to each participant for
validation of information shared if requested by participant.
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Appendix B
Interview Consent Form
You are invited to participate in a study of science practices used by classroom teachers. I
hope to learn the relationship between teaching practices used and programming at STEM
schools. You were selected as a possible participant in this study because you teach in a
STEM focused school.
This research is to fulfill obligations for a doctoral degree in education at Bethel
University. There is no funding provided by outside agencies.
If you decide to participate, an interview will be scheduled to collect your perceptions
regarding teaching practices, student engagement, and building leadership related to STEM
programming. The interview is estimated to last 30 – 40 minutes. Participants in the
interview process will receive a $15.00 Starbucks or Caribou gift card.
Any information obtained in connection with this study that could be identified with you will
remain confidential. In any written reports or publications, no one will be identified or
identifiable and only aggregate data will be presented. Districts and schools that have granted
permission for the research do require a copy of the study when completed. Pseudonyms will
be used for schools and participants.
With your permission, the interviews will be recorded and transcribed. This transcription will
allow the researcher to code information to identify themes and commonalities. A copy of
your transcribed interview will be offered if you are interested. All data will be stored on the
researcher’s computer and external drive and destroyed five years after the research is
complete.
Your decision whether or not to participate will not affect your future relations with the
Bethel University or the school district in any way. If you decide to participate, you are free
to discontinue participation at any time without affecting such relationships. The dissertation
committee and the Institutional Review Board at Bethel University has approved this research
project. If you have any questions about the research and/or research participants’ rights or
wish to report a research related injury, please contact Dr. Patricia Paulson at patriciapaulson@bethel.edu to report.
You will be offered a copy of this form to keep.
You are making a decision whether or not to participate. Your signature indicates that you
have read the information provided above and have decided to participate. You may
withdraw at any time without prejudice after signing this form should you choose to
discontinue participation in this study.
I want a transcript of my interview.

YES
No
Please initial your response.

Signature___________________________________________Date__
Date received by researcher:
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Appendix C
SIPS Survey
Hayes, K. N., Lee, C. S., DiStefano, R., O’Connor, D., & Seitz, J. C. (2016). Measuring Science
Instructional Practice: A Survey Tool for the Age of NGSS. Journal of Science Teacher Education,
27(2), 137-164.
Sometimes
Often
Rarely (a
(once or
(once or
Never
few times
twice a
twice a
a year)
month)
week)
How often do your students do each of the following in your science classes:
1. Generate questions or predictions to explore
1
1
2. Identify questions from observations of phenomena
3. Choose variables to investigate (such as in a lab
1
setting)
1
4. Design or implement their OWN investigations
5. Make and record observations
1
6. Gather quantitative or qualitative data
1
1
7. Organize data into charts or graphs
8. Analyze relationships using charts or graphs
1
9. Analyze results using basic calculations
1
10. Explain the reasoning behind an idea
1
11. Respectfully critique each others’ reasoning
1
12. Supply evidence to support a claim or explanation
1
13. Consider alternative explanations
1
14. Make an argument that supports or refutes a claim
1
1
15. Create a physical model of a scientific phenomenon
(like creating a representation of the solar system)
16. Develop a conceptual model based on data or
1
observations (model is not provided by textbook or
teacher)
17. Use models to predict outcomes
1
How often do you do each of the following in your science instruction:
18. Provide direct instruction to explain science concepts
19. Demonstrate an experiment and have students watch
20. Use activity sheets to reinforce skills or content
21. Go over science vocabulary
22. Apply science concepts to explain natural events or real-world
situations.
23. Talk with your students about things they do at home that are
similar to what is done in science class (e.g., measuring, boiling
water).
24. Discuss students’ prior knowledge or experience related to the
science topic or concept.

312

Daily
or
almost
daily

2
2
2

3
3
3

4
4
4

5
5
5

2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5
5
5
5

2

3

4

5

2

3

4

5

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

1

2

3

4

5

1

2

3

4

5

Science Discourse and Communication (for consideration- items 25 to 31 were not included in the final survey)
How often do your students do each of the following in your science classes:
1
25. Write about what was observed and why it happened
26. Present procedures, data and conclusions to the class (either
1
informally or in formal presentations)
27. Read from a science textbook or other hand-outs in class
1
28. Critically synthesize information from different sources (i.e. text
1
or media)
How often do you do each of the following in your science instruction:
29. Use open-ended questions to stimulate whole class discussion
1
(most students participate)
1
30. Have students work with each other in small groups
31. Encourage students to explain concepts to one another
1
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2
2

3
3

4
4

5
5

2
2

3
3

4
4

5
5

2

3

4

5

2
2

3
3

4
4

5
5

SIPS Survey Scoring Guide
To score the SIPs survey, a unique score should be calculated by averaging the ratings of
items within that factor. For example, for the factor “Instigating an Investigation”, the score
will be the average ratings from items 1 to 4.
Factor
1. Instigating an
Investigation

NGSS SE Practice
1 (Questioning)
3 (Planning and
Carrying Out an
Investigation)

1.
2.
3.
4.

2. Data Collection
and Analyses

3 (Planning and
Carrying Out an
Investigation)
4 (Analyzing and
Interpreting Data)
5 (Using Mathematical
and Computational
Thinking)

3. Critique,
Argumentation,
and Explanation

6 (Constructing
Explanations)
7 (Engaging in
Argument from
Evidence)

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

4. Modeling

2 (Developing and
Using Models)

15.

16.

17.

Survey Item
Score
Generate questions or
Average of
predictions to explore
items 1 to 4:
______
Identify questions from
observations of phenomena
Choose variables to investigate
(such as in a lab setting)
Design or implement their
OWN investigations
Make and record observations
Average of
items 5 to 9:
Gather quantitative or
______
qualitative data
Organize data into charts or
graphs
Analyze relationships using
charts or graphs
Analyze results using basic
calculations
Explain the reasoning behind an
Average of
idea
items 10 to 15:
______
Respectfully critique each
others’ reasoning
Supply evidence to support a
claim or explanation
Consider alternative
explanations
Make an argument that supports
or refutes a claim
Create a physical model of a
Average of
scientific phenomenon (like
items 16 to 18:
creating a representation of the
______
solar system)
Develop a conceptual model
based on data or observations
(model is not provided by
textbook or teacher)
Use models to predict outcomes

5. Traditional
Instruction

6. Prior Knowledge

Science Discourse
and Communication
(For considerationitems 25 to 31 were
not included in the
final survey)

8 (Obtaining,
Communicating, and
Evaluating Information)

18. Provide direct instruction to
Average of
explain science concepts
items 19 to 22:
______
19. Demonstrate an experiment and
have students watch
20. Use activity sheets to reinforce
skills or content
21. Go over science vocabulary
22. Apply science concepts to
Average of
explain natural events or realitems 22 to 24:
world situations.
______
23. Talk with your students about
things they do at home that are
similar to what is done in
science class (e.g., measuring,
boiling water).
24. Discuss students’ prior
knowledge or experience
related to the science topic or
concept.
25. Write about what was observed
Average of
and why it happened
items 25 to 31:
______
26. Present procedures, data and
conclusions to the class (either
informally or in formal
presentations)
27. Read from a science textbook or
other hand-outs in class
28. Critically synthesize
information from different
sources (i.e. text or media)
29. Use open-ended questions to
stimulate whole class
discussion (most students
participate)
30. Have students work with each
other in small groups
31. Encourage students to explain
concepts to one another
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